WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 

A62D 1/00, C07C 53/50, 53/21, 233/05, 
233/36, 69/62, 69/653, C07D 295/13, 
295724, 213/81, C07C 327/22 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/19742 

14 May 1998 (14.05.98) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US97/04560 
18 March 1997 (18.03.97) 



(30) Priority Data: 
08/743,478 



1 November 1 996 (0 1 . 11 .96) US 



(71) Applicant: MINNESOTA MINING AND MANUFACTUR- 

ING COMPANY [US/US]; 3M Center, P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). 

(72) Inventors: STERN, Richard, M.; P.O. Box 33427, Saint Paul, 

MN 55133-3427 (US). FAN, Wei-Qiang; P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). 

(74) Agents: BURTIS, John, A. et al.; Minnesota Mining and 
Manufacturing Company, Office of Intellectual Property 
Counsel, P.O. Box 33427, Saint-Paul, MN 55133-3427 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MD, MG, MFC, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, TJ t TM, TR, TT, 
UA, UG, UZ, VN, YU, ARIPO patent (GH, KE, LS, MW, 
SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, DE, DK, ES, 
FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ r CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, 
TG). 



Published 

With international search report. 



(54) TUIc: AQUEOUS FILM-FORMING FOAM COMPOSITIONS 
(57) Abstract 

This invention provides aqueous film-forming foamable (AFFF) compositions comprising one or more environmentally-friendly 
or-branched fluoroalkylcarbonyl group-containing surfactants. 



EV97944022 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali . 


TT 


Trinidad and Tobago 


BJ 


Benin 


EE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'Tvoire 


KP 


Democratic People* i 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/19742 PCT/US97/04560 



10 



Aqueous Film-Forming Foam Compositions 
FIELD OF THE INVENTION 

This invention relates to a-branched fluoroalkylcarbonyl fluoride 
compositions, their preparation, and their use. In another aspect, this invention 
relates to the use of a-branched fluoroalkylcarbonyl fluoride compositions to 
prepare a-branched fluoroalkylcarbonyl group-containing compositions. In yet 
another aspect, it relates to intermediates, monomers, repellent treatments and 
coatings, surfactants, emulsifiers, and aqueous film-forming foamable solutions. 



BACKGROUND OF THE INVENTION 

Classes of perfluoralkylcarbonyl fluorides containing straight chain 
perfluoroalkyl groups, cyclic perfluoroalkyl groups, and derivatives thereof are 



known^U^ST^at. No^^ for example, describes 

15 fluorocarbon carbonyl fluorides, monocarboxylic acids, and their derivatives 

containing open-chain (i.e., non-cyclic) and closed-chain (i.e., cyclic) perfluoroalkyl 
groups, and combinations of cyclic and non-cyclic fluorinated alkyl sub-radicals. 
All open chain structures cited by Diesslin et al. are straight chain structures (e.g., 
CF 3 (CF 2 ) n -); no branched open chain structures are noted. 

20 ^^^^^^^S&?M^^SS5^ describes straight-chain 

telomeric acid fluorides of the structure Rf{CF 2 CF 2 ) n COF, where R f is a 
perfluoroalkyl or monochloroperfluoroalkyl group and where n is a small number 
from 1 to about 8. 

^M^^S^^^&m^Mm^cabQS perfluoroalkylcarbonyl 
25 fluorides containing omega (©)-branched perfluoroalkyl chains, i.e. of the structure 
(CF 3 ) 2 CF(CF 2 ) n -. These oo-branched perfluoroalkylcarbonyl fluorides reportedly 
are produced as a minor component during electrochemical fluorination of straight 
chain hydrocarbon carbonyl fluorides and derivatives. 



H§P,M6 (Flyrinfdescribes a-branched perfluoropolyether 
30 carbonyl fluorides having the general formula RfCF 2 0[CF(CF3)CF 2 0] p CF(CF 3 )COF. 
Acids derived from these materials have been shown to be stable to decarboxylation 
of the perfluoropolyether chain. 

-1- 
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Short-chain a-branched perfluoroalkylcarbonyl fluorides and acids and 
certain classes of short-chain cyclic group-containing a-branched 
perfluoroalkylcarbonyl fluorides are-known. Gambaretto et al. (Chim. Ind. t 1971, 
53, 1033-8) reports the preparation of C4F 9 CF(C 2 F 3 )C0 2 H and (CF 3 ) 2 CFC0 2 H by 
5 electrochemical fluorination and the subsequent decarboxylation of these acids. 
The electrochemical fluorination of a-alkyl-substituted acid chlorides and methyl 
esters to give perfluorooxolanes and perfluorooxanes as well as a small amount, i.e. 
nine percent, of the corresponding perfluoroalkanoyl fluorides (e.g. 
C 5 FnCF(CF 3 )COF) also has been reported. (Abe, T. et al., J. Fluorine Chem., 
10 1978, 12, 1-25). In this article, Abe et al. also reports the existence of 
C4F 9 CF(C4F 9 )COF. 

Certain cycloalkyl group-terminated a-branched perfluoroalkylcarbonyl 
halides are known. c-C 6 Fi 1 CF 2 CF(CF 3 )COF has been reported (T. Abe et al. in 
Chapter 1 of "Preparation, Properties, and Industrial Applications of 

15 Organofluorine Compounds," R.E. Banks, editor, Ellis Horwood Ltd., Hoisted 

Press (1982)), and c-C 5 F 9 CF(CF 3 )COF and c-C 5 F 9 CF(C 2 F 5 )COCl (Abe, T. et al., J. 
Fluorine Chem., 1983, 23, 123-146) have been disclosed. 

Straight-chained perfluorocarboxylic acids of the structure RjCF 2 COOH and 
derivatives thereof are known not to degrade under aqueous environmental 

20 exposure and do not thermally decarboxylate until at least 180-200°C (J. Am. 

Chem. Soc, 1953, 75, 4525-28). These compounds are very stable and, therefore, 
also persist in the environment. It is also known that linear perfluorocarboxylic 
acids and their carboxylate salts are moderately toxic, especially longer chain salts 
such as /?-C 9 F 19 COO* NH/. (See, e.g., Goeche-Flora et al., Chem. Res. Toxicol. 

25 1996, 9, 689-95). 

While it is known that fluorochemical acids of the type (Rf) 2 CFC0 2 H, where 
Rf is a short chain such as CF 3 and C 2 F 5 , are unstable in aqueous solution (See, e.g., 
Chim. Ind.,1911, 53, 1033-8), these compounds generally possess poor surfactant 
properties. 

30 There are no known fluoroalkylcarbonyl fluoride derivatives that exhibit a 

combination of those properties that are favorable in today's chemical market. A 
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highly desirable fluorochemical compound is one having superior surfactant 
properties when dissolved in a liquid (i.e., can reduce the surface tension of the 
liquid to a value lower than 20 dynes/cm), is relatively non-toxic or is very low. in 
toxicity, and is non-persistent in the environment (i.e., can completely degrade 
5 biochemically, thermally, or photochemically under mild conditions such as those 
encountered in the environment under ambient conditions). 



SUMMARY OF THE INVENTION 

Briefly, in one aspect, the present invention provides compositions of open- 
10 chain, cc-branched fluoroalkylcarbonyl fluorides, and derivatives thereof, that can be 
represented generally by the formula: 



O 

II 

Rf-CFC- 
- I *V> 



X 



15 wherein: 

Rf and RV are selected independently from one another as a fluorinated, 
preferably perfluorinated, group bonded through carbon that may be 
substituted or unsubstituted, cyclic or acyclic, linear or branched (or any 
combination thereof) and may optionally contain one or more catenary 

20 heteroatoms such as nitrogen, sulfur, or oxygen; Rf or RV may contain 

one or more hydrogen atoms or one or more other halogen atoms, e.g. 
chlorine, provided that at least 75%, and preferably at least 90%, of the 
atoms attached to the carbon backbone are fluorine atoms; 
p may be 1, 2, several or many, equalling the valency of X; 

25 X is halogen, a hydroxyl group, or a moiety remaining after the reaction of 

an a-branched fluoroalkylcarbonyl fluoride with a reagent containing at 
least one active (i.e., acidic) hydrogen atom and after the elimination of 
hydrogen fluoride; and 
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when X is fluorine or is a hydroxyl group, p is equal to 1, Rf and R'f are 

acyclic alkyl groups, at least one of said Rf and R'f contains at least 5 

carbon atoms, and the sum of the carbon atoms in said Rf and R'f groups 
is greater than or equal to 7, preferably less than or equal to about 24; 
5 preferably the ratio of carbon atoms in said Rf and R' f moieties is at least 

2 to 1. 

In another aspect, the present invention provides a-branched 
fluoroalkylcarbonyl group-containing compounds including derivatives of those 

10 compounds depicted by Formula I supra. Such derivatives find utility, for example, 
as surfactants and emulsifiers and as soil, water, and oil-repellent compositions. In 
yet another aspect, this invention provides aqueous film-forming foamable (AFFF) 
compositions comprising one or more a-branched fluoroalkylcarbonyl group- 
containing surfactants. 

1 5 The a-branched fluoroalkylcarbonyl derivatives of this invention are 

environmentally non-persistent and are much lower in toxicity than their linear and 
cyclic homologues. The a-branched fluoroalkylcarboxylate salt compositions 
provided herein are very low in toxicity, thermally degrade quickly at temperatures 
between about 80 °C and about 100 °C in aqueous media, and break down in the 

20 environment to volatile, non-surface active species that are eliminated from the 
body of a transpiring organism. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In one aspect, this invention provides a-branched fluoroalkylcarbonyl 
25 fluorides. A preferred class of these compounds may be represented generally by 
the following formula. 



n 
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o 

II 

R f -CFCF 
R 'f 

wherein: 

Rr and R ? f are selected independently from one another as an acyclic 

fluorinated, preferably perfluorinated, group bonded through carbon that 
5 may be substituted or unsubstituted, linear or branched (or any 

combination thereof) and may optionally contain one or more catenary 

heteroatoms such as nitrogen, sulfur, or oxygen; Rf or R'f may contain 
one or more hydrogen atoms or one or more other halogen atoms, e.g. 
chlorine, provided that at least 75%, and preferably at least 90%, of the 
10 atoms attached to the carbon backbone are fluorine atoms; 

wherein at least one of said Rf and R'f groups contain at least 5 carbon 

atoms and wherein the sum of the carbon atoms in said Rf and R ! f 
moieties is greater than or equal to 7, and preferably less than or equal 
to about 24; preferably the ratio of carbon atoms in said Rf and RV 
1 5 moieties is at least 2 to 1 . 



An especially preferred class of fluorinated a-substituted carbonyl fluorides 
can be represented by Formula III: 



in 



o 

CF 3 (CF 2 ) n CF(iF 
2Q (CF 2 )mCF 3 

wherein: 

n is between 5 and about 18 inclusive; and 

m is between 0 and about 9 inclusive where preferably n and m are chosen 
such that the ratio of (w+1) to is at least 2 to 1 . 
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Generally, a-branched fluoroalkylcarbonyl fluorides, such as those depicted — 
above by Formulas II and III, may be prepared through fluorination of a non- 
fluorinated organic analogue {e.g., an alkylcarbonyl halide or an alkylcarbonyl . 
ester). The fluorination reaction may be carried out either by electrochemical 
5 fluorination ("ECF"), sometimes referred to as the "Simons process " with 

hydrogen fluoride as described, for example, tM^Sg^^^^^^ ^^^^^ ^ 
or by direct fluorination with elemental fluorine as described, for example, by U.S. 
l^^^^^^^^^^l^^P, both of whose descriptions are hereby incorporated 
by reference. Preferably, the reaction is carried out by electrochemical fluorination. 
10 The "Simons process" or the "Simons electrochemical fluorination process" 

is a known, commercially-practical process for reacting anhydrous HF with certain 
classes of organic compounds. A typical fluorination reaction using the Simons 
electrochemical fluorination to produce an a-branched trifluoromethyl 
perfluoroalkylcarbonyl fluoride is given below: 



15 



IV 



o 
II 

CH 3 (CH 2 ) 6 CHCF + 19HF 



ECF 



O 
II 

CF 3 (CF 2 ) 6 CFCF + 9.5H 2 



CH 3 



CF 3 




t 

■ « 
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tompoififts^E:^^ Other- 
suitable feedstocks which can be electrochemically fluorinated with HF include 
unsaturated alkylcarbonyl fluorides.(e.£.> CH 3 (CH2)5CH=C(CH3)COF), saturated 
methyl esters (e.g. y CH 3 (CH 2 )6CH(CH 3 )C02CH3), and acid chlorides {e.g., 
5 C 7 H 15 CH(CH 3 )C0C1). 

Generally, in a relatively large-scale setting, a Simons cell useful in the 
practice of this invention comprises a cell body, typically made of carbon steel and 
usually provided with a cooling jacket, in which is suspended an electrode pack 
comprising series of alternating and closely-spaced cathode plates (typically made 

10 of iron, nickel, or nickel alloy) and anode plates (typically made of nickel), the 
plates being immersed in the current-conductive solution of the organic starting 
material in essentially anhydrous hydrogen fluoride. Gaseous cell effluent 
comprising the volatilized electrochemically fluorinated product and volatilized 
hydrogen fluoride can be withdrawn from the cell as an overhead stream via a 

15 valved-outlet line. The cell is operated with the conductive solution containing a 
desired concentration of the organic starting material (the a-branched alkylcarbonyl 
precursor), typically between 5 and 30 percent, that will result in the production of 
the desired saturated, fully-fluorinated, or partially-fluorinated product. 

The relative temperatures and pressures under which the cell is operated will 

20 be those conditions conducive to the production of the desired fluorinated product. 
Generally, by increasing the concentration of organic starting material in the 
conductive solution (and thereby decreasing the concentration of the HF reactant), 
the hydrogen-content of the resulting fluorinated products is increased, the reaction 
mixture in a sense being "starved" for HF. Generally, the temperature of the cell 

25 during the electrochemical fluorination can be in the range of 0° to 70 °C, 

preferably 20° to 60 °C. In operation, the cell can be run at a pressure in the range 
of 760 to 4000 torr, preferably in the range from 1000 to 3000 torr. The cell can be 
operated at cell voltages in the range of 4 to 9 volts and current densities in the 
range of 10 to 100, preferably 20 to 80, m Amp/cm 2 of active anode surface (where 

30 the electrolysis takes place). The cell can be operated either at constant current or 
constant voltage. 



-7- 
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The reactor gaseous effluent, comprising the fluorinated adduct, hydrogen 
fluoride, hydrogen, and other gaseous products, can be withdrawn from the top of 
the reactor and passed to a condenser system, as described supra. The fluoridation 
product can be removed from the cell as part of the gaseous effluent. The effluent 
5 can be cooled to condense and collect or recover the aforementioned saturated and 
partially- or fiilly-fluorinated a-branched fluoroalkylcarbonyl fluorides. Any 
unreacted HF or by-products can also be condensed and recycled to the cell. 

Other details of the Simons electrochemical fluorination process and cell will 
be omitted here in the interest of brevity, and the disclosure of such technology in 
10 the above-cited references to such technology can be referred to for descriptions of 
such detail, whose descriptions are herein incorporated for such purpose. 

a-Branched fluoroalkylcarbonyl fluoride precursors may also be prepared by 
direct fluorination with excess elemental fluorine using known methods. A typical 
direct fluorination reaction with elemental fluorine to produce an a-branched 
15 fluoroalkylcarbonyl derivative is shown below: 



O O 

CH 3 (CH 2 ) 6 CHCOCH 3 + 22 F 2 ► CF 3 (CF 2 ) 6 CFCOCF 3 + 22 HF 

ch 3 6f 3 
10 cf 3 (cf 2 ) 6 £fcof 



acetone 



20 

Other suitable feedstocks useful in the methods of direct fluorination heretofore 
described include branched esters {e.g., CH 3 (CH 2 )6CH(CH 3 )CH 2 OCOCH3) and 
unsaturated esters {e.g., CH 3 (CH 2 ) 5 CH<;(CH3)COOCH 3 ). 

U.S. Pat. No. 5,488,142 (Fall et al.), whose description is incorporated 
25 herein by reference, describes a useful direct fluorination method. According to this 
method, a diluted solution of the organic precursor material (typically a short chain 
alkyl ester of an a-branched carboxylic acid) in a normally liquid, inert medium 
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(e.g., perfluoromethyl morpholine) is directly contacted with a stoichiometric 
excess of fluorine gas, F2, which preferably is diluted with an inert gas such as 
nitrogen, in a temperature-controlled, turbulent, tubular flow-style reactor to 
fluorinate the precursor material at a temperature and a flow rate of inert gas (if 
5 used) sufficient to volatilize by-product hydrogen fluoride, HF. The hydrogen 
fluoride is removed from the reactor as it is produced (and is not recycled) so that 
the fluorination is substantially carried out in a hydrogen fluoride-free environment. 
The resultant solution of fluorinated organic substance (typically a perfluorinated 
short chain alkyl ester of an a-branched carboxylic acid) is then removed from the 

10 reactor. The fluorinated product, using this method, can be separated from the inert 
medium, e.g. by distillation, to obtain the fluorinated product as the product of the 
process, or, if a fluorinated alkyl ester, can be easily converted to the fluorinated 
carbonyl fluoride by treatment with potassium iodide in acetone. 

Other details of this preferred method of direct fluorination and details of 

15 other useful methods of direct fluorination are omitted in the interest of brevity, as 
those details are well-known and established in the art. 

Yields of the a-branched carbonyl derivatives of this invention obtained 
using electrochemical fluorination typically range from about 20 to about 50 
percent (compared to yields of only around 15% with isomeric straight chain 

20 carbonyl derivatives), while typical yields using direct fluorination reach as high as 
60-80%. The choice of a preferred fluorination method will of course be governed 
by a combination of any given set of business and technical concerns. 
Electrochemical fluorination yields of the a-branched compositions taught herein 
are surprisingly high. One would expect a high degree of degradation or 

25 isomerization to linear compounds; yet instead, ECF yields are much improved over 
yields obtained for linear analogues of the a-branched compositions. 

In a second aspect of this invention, derivatives of a-branched 
fluoroalkylcarbonyl fluorides are provided. Among the many and varied classes of 
useful derivatives that may be prepared from the a-branched fluoroalkyl carbonyl 

30 fluorides described herein are carboxylate salts, ester derivatives (e.g., acrylates and 
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methacrylates), amide derivatives, and dihydrofluoroalkyl derivatives. Classes of 
oligomers and polymers may also be obtained. 

Generally, the most useful a-branched fluoroalkylcarbonyl fluoride 
derivatives will be those prepared by the reaction of an a-branched 
5 fluoroalkylcarbonyl fluoride with a reagent containing at least one active hydrogen 
atom. Generally, the simplest of these compounds are those that may be 
represented by the following general Formula VI where a single a-branched 
fluoroalkylcarbonyl moiety is bonded to the residue of the active hydrogen- 
containing reagent existing after the elimination of hydrogen fluoride. 



10 



VI 



0 




wherein: 



20 



15 



Rf and RV are selected independently from one another as a fluorinated, 
preferably perfluorinated, group bonded through carbon that may be 
substituted or unsubstituted, cyclic or acyclic, linear or branched (or any 
combination thereof) and may optionally contain one or more catenary 

heteroatoms such as nitrogen, sulfur, or oxygen; Rf or R'f may contain 

one or more hydrogen atoms or one or more other halogen atoms, e.g. 
chlorine, provided that at least 75%, and preferably at least 90%, of the 
atoms attached to the carbon backbone are fluorine atoms; preferably 
the ratio of carbon atoms in said Rf and RV moieties is at least 2 to 1; 



and 



25 



X is chlorine or bromine or is a group of the formula -NtR 1 )^ 2 ), -OR"f, 

-YQOR, -YQN(R l )(R 2 ), -YQZ, or -CT 1/qM^ (q = valency of M) 

where R f V is a fluorinated alkyl group and R, R ! , and R 2 are, 
independently from one another, selected as hydrogen, or an alkyl, aryl, 
alkaryl, aralkyl (or any combination thereof) group that may be 
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substituted or unsubstituted, saturated, linear or branched, cyclic or 
acyclic, and may contain one or more catenary heteroatoms such as 
oxygen or nitrogen; where present, R l and R 2 together with the depicted 
nitrogen can form a heterocyclic ring, such as a piperidino or 
5 morpholino group; Y is 0, S, or NR, where R is as defined supra, Q is a 

substituted or unsubstituted divalent organic group; M is a cation 
selected from the group consisting of FT (i.e., the free carboxylic acid), 

metal cation (e.g., Na + , K\ Li\ Ca 2+ , Mg 2 *, Fe 3+ , Al 3+ or Zn 2+ ), 
ammonium cation (i.e., R^), substituted ammonium cation (e.g., Hi. 

1 0 3N + (CH 3 ) 3 ., , H I . 3 N + (C 2 H 3 ) 3 ., , Hw^CftOHJs, , (CH^N* or 

(CJH^N*), and polyammonium cation (e.g., H 3 N*(C 2 H4NH) 0 . 
^HUN*!^), and Z is an anionic, cationic, nonionic or amphoteric 
water-solubilizing group (e.g., sulfonate, sulfate, ether sulfate, 
phosphate, quaternary ammonium, betaine, sulfobetaine or 

15 polyoxyethylene) or is an ethylenically unsaturated group (e.g., 

-OC(0)CH=CH 2 and -OC(0)C(CH 3 )=CH 2 ). 



20 



A preferred subclass of these a-substituted fluoroalkylcarbonyl fluoride 
derivatives is that represented below by Formula VII: 



vn 



o 

CF 3 (CF 2 ) n CFCX 

(CF 2 ) m CF 3 

wherein: 

n is between 4 and about 18 inclusive; 

m is between 0 and about 9 inclusive where preferably n and m are chosen 
25 such that the ratio of (w+l) to (m+1) is at least 2 to 1 ; and 

X is as described supra by Formula VI. 



■ ' '■ 
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Acid derivatives of a-substituted fluoroalkylcarbonyl fluorides can be 
synthesized readily from the a-branched fluoroalkylcarbonyl fluorides. To form the 
fluoroalkylcarbonyl chloride, the carbonyl fluoride can reacted with hydrazine 
followed by chlorine using, for example, the procedure described in U.S. Pat. No. 
5 2,950,3 1 7 (Brown et al.). Fluorocarboxylic acids may be obtained by reacting the 
carbonyl fluoride or chloride with water, preferably also in the presence of acid, and 
the carboxylate salts are most conveniently made by reacting either the carbonyl 
fluoride or the carboxylic acid with a base, preferably in water. Esters can be made 
by reacting the carbonyl fluoride or chloride with a primary, secondary, or tertiary 

10 alcohol. These reactions involving fluorocarboxylic acids can be run as described in 
U.S. Pat. No. 2,567,01 1 (Diesslin et al). 

Amides are particularly useful intermediates that can be prepared by reacting 
the fluoroalkylcarbonyl fluoride with ammonia, a primary amine or a secondary 
amine. Primary amides may be made as instructed in U.S. Pat. No. 2,567,01 1. The 

15 primary amides can further be derivatized, for example, by reaction with a glycol 
ester followed by saponification to form carboxylate salts as described, for example, 
in U.S. Pat. No. 2,809,990 (Brown). Of particular interest is the reaction with 
N,N-dimethylaminopropyl amine to form the tertiary amidoamine intermediate, 
which can be prepared as described in U.S. Pat. No. 2,764,603 (Ahlbrecht). The 

20 amidoamine can in turn be reacted in a number of ways to form a variety of cationic 
and amphoteric surfactants: for example, it can be quaternized with an alkyl halide 
to form a quaternary ammonium salt, as described in U.S. Pat. No. 2,764,602 
(Ahlbrecht); it can be oxidized with hydrogen peroxide to form an amine oxide, as 
described in British Specification 1,302,612; it can be reacted with a 

25 chloroalkylcarboxylate salt or a chloroalkylsulfonate salt to form a betaine or a 
sultaine amphoteric surfactant respectively; it can be reacted with acrylic acid to 
form the Michael adduct to the amine nitrogen, as described in U.S. Pat. No. 
5,144,069 (Stern et al.); or it can be reacted with 0-propiolactone to form a 
carboxyethyl amphoteric surfactant, as described in U.S. Pat. No. 3,661,776 

30 (Fletcher et al.). While esters and amides of linear fluorocarboxylic acids are 
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unstable to hydrolysis, esters and amides of a-branched fluorocarboxylic acids are 
more stable to hydrolysis. 

The fluoroalkylcarbonyl fluQiide may also be reacted with aminoalcoho.ls 
such as (N-methyl)-2-aminoethanol and (N-ethyl)-2-aminoethanol as described in 
5 U.S. Pat. No. 2,803,656 (Ahlbrecht et al.), replacing the w-perfluorooctanecarbonyl 
fluoride of Ahlbrecht's Example 1 with a-branched fluoroalkylcarbonyl fluoride, to 
produce useful fluorinated amidoalcohols. The resulting amidoalcohols can be 
ethoxylated (as described for example in U.S. Pat. No. 2,567,01 1 (Diesslin et al.)), 
sulfated (as described for example in U.S. Pat. No. 2,803,656 (Ahlbrecht et al.)) or 

10 phosphated (as described in U.S. Pat No. 3,094,547 (Heine)) to prepare nonionic or 
anionic degradable fluoroaliphatic surfactants. Useful oil and water repellent 
treatments may be produced from these fluorinated amido alcohols: for example, 
(1) by reaction with acrylic or methacrylic acid or acryloyl or methacryloyl chloride 
to form an acrylate or methacrylate monomer and then polymerizing or 

15 copolymerizing the monomer using a standard free radical initiator to form a 
repellent polymer (see, e.g., U.S. Pat. No. 2,803,615 (Ahlbrecht et al.); (2) by 
reaction with isocyanates to form repellent fluoroaliphatic urethanes, ureas, or 
carbodiimides (see, e.g., U.S. Pat. Nos. 3,398,182 (Guenthner et al.) and 3,896,251 
(Landucci)); or (3) by reaction with carboxylic acids (or derivatives thereof) to 

20 form repellent esters (see, e.g., U.S. Pat. No. 4,264,484 (Patel)). 

Another novel class of compositions provided by this invention are 
a-branched 1,1-dihydrofluoroalkyl derivatives. Such compositions, which may be 
prepared by reducing a-branched fluoroalkylcarbonyl fluorides, can be represented 
by Formula VIII below: 



25 



vra 



RfCFCH 2 X t 
RV 



wherein: 

Rf and R'r are selected independently from one another as a fluorinated, 
30 preferably perfluorinated, group bonded through carbon that may be 

-13- 



WO 98/19742 PCT/US97/04560 

substituted or unsubstituted, cyclic or acyclic, linear or branched (or any 
combination thereof) and may optionally contain one or more catenary 

heteroatoms such as nitrogen, sulfur, or oxygen; Rf or R'f may contain 

one or more hydrogen atoms or one or more other halogen atoms, e.g. 
5 chlorine, provided that at least 75%, and preferably at least 90%, of the 

atoms attached to the carbon backbone are fluorine atoms; preferably 
the ratio of carbon atoms in said R f and RV moieties is at least 2 to 1 ; 
and 

X* is -OR, -OS0 2 R, -OCOR, -NCR^R 2 ), -SR, halogen, or an 
10 ethylenically unsaturated moiety (e.g., acrylate, methacrylate, allyl, vinyl 

ether, vinyl benzyloxy) where R, R 1 and R 2 are as defined supra in 
Formula VI. 



A preferred class of these above-described a-branched 1,1- 
15 dihydrofluoroalkyl derivatives include the 1,1-dihydrofluoroalkyl derivatives 
represented by Formula IX below: 



20 



IX 



CF 3 (CF 2 ) n CFCH 2 X' 



(ip 2 ) 



mCF : 



wherein: 

n is between 4 and about 1 8 inclusive; 

m is. between 0 and about 9 inclusive where preferably n and m are chosen 
such that the ratio of (n+\) to is at least 2 to 1; and 
25 X ' is as defined supra by Formula VIII. 



The a-branched fluoroalkylcarbonyl fluoride derivatives often exhibit 
superior water solubility, superior surface tension vs. concentration profiles, and 
critical micelle concentrations (CMCs) that are comparable to their isomeric linear 
30 fluoroalkylcarbonyl fluoride derivatives with the same carbon number. Thus, they 
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are excellent candidates as emulsifiers and surfactants in applications where 
environmental persistence is of concern. Such applications include fluoropolymer 
emulsions, cleaning solutions, aqueous film-forming foams, coating additives,, 
plating baths, wetting agents, floor polish levelling agents, dispersion aids, oil well 
5 stimulation chemicals, and photographic coupling agents. Typically, those <x- 
branched fluoroalkylcarbonyl fluoride derivatives exhibiting the most favorable 
surface activity characteristics will be those having a long fluorinated alkyl group 
(i.e., having 5 or more carbon atoms) and a short a-branched alkyl group (i.e., 
perfluoromethyl or perfluoroethyl). 

10 a-Branched fluoroalkylcarbonyl fluoride derivatives especially preferred as 

emulsifiers for preparing stable fluoropolymer emulsions, latexes, and suspensions, 
e.g., polytetrafluoroethylene and polyvinylidene fluoride emulsions, (including those 
methods described by U.S. Pat. No. 4,360,652 (Dohany), which is incorporated 
herein by reference) are a-branched fluorocarboxylate salts that may be represented 

1 5 generally by Formula X below. 

X 

0 

Rf-CFCO l/ q M H 

wherein: 

Rf and R f f are selected independently from one another as a fluorinated, 
20 preferably perfluorinated, group bonded through carbon that may be 

substituted or unsubstituted, cyclic or acyclic, linear or branched (or any 
combination thereof) and may optionally contain one or more catenary 
heteroatoms such as nitrogen, sulfur, or oxygen; Rf or R'f may contain 
one or more hydrogen atoms or one or more other halogen atoms, e.g. 
25 chlorine, provided that at least 75%, and preferably at least 90%, of the 

atoms attached to the carbon backbone are fluorine atoms; preferably 
the ratio of carbon atoms in said Rf and R V moieties is at least 2 to 1 ; 
M is a cation selected from the group consisting of H* (i.e., the free 

carboxylic acid), metal cation (e.g., Na + , K + , Li + , Ca 2+ , Mg 2 *, Fe 3+ , 
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Al orZn ), ammonium cation (i.e., H4N ), substituted ammonium — 

cation (e.g., H^CH^ , H,. 3^(0^5)3- . , H.^C^OH)^ , 
(CH3)<N + or (CjH^N*),- and polyammonium cation (e.g., 
H 3 N + (C2H 4 NH)o.3C 2 H4N + H3); and 
5 q is equal to the valency of M. 



10 



20 



A preferred class of these above-described cc-branched fluorocarboxylate 
salts is that represented by Formula XI below: 



XI 



So' 1/q M q+ 



CF 3 (CF 2 )nCF 

(CF 2 ) m CF 3 



wherein: 

n is between 4 and about 18 inclusive; 

m is between 0 and about 9 inclusive where preferably n and m are chosen 
such that the ratio of (w+1) to (/tf+1) is at least 2 to 1 ; and 
15 M and q are as defined supra by Formula X. 



In their dry state, the a-branched fluorocarboxylate salts decarboxylate at 
temperatures of approximately 140-190 °C to form mostly internal fluoroolefins 
such as depicted below for an exemplary species: 



C 7 F 15 CFCOO" NH4 + 140-190°C FvX 6 F 13 

£f 3 * F 3 C^~% (65%) 



tt l^^r * ( 25% ) + C 7 F l5 CFHCF 3 (10%) 
F 3 C C6Fi 3 



The straight chain isomers (also in dry state) decompose at a slightly higher 
temperature of approximately 180-200 °C in a sealed tube to form terminal 
25 fluoroolefins: 
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+ 



180.200° 



C 



C 3 F 7 COO" NH 4 



CF 3 CF-CF 2 



(J. Am. Chem. Soc, 1953, 75, 4525-28). 



10 



15 



20 



In aqueous solution the a-branched fluorocarboxylate salts readily undergo 
decarboxylation at temperatures of 60-100 °C or lower to give a mixture consisting 
of roughly 85% monohydride and 15% olefin, isolatable and recoverable by 
azeotropic distillation. The straight chain isomers, however, will not decompose in 
water at a temperature of less than 100 °C (e.g., in refluxing water). In water, the 
pH and the initial concentration of the a-branched salts also greatly affect the rate 
of thermal decarboxylation, as the decarboxylation reaction slows in more acidic 
aqueous solution or at higher emulsifier concentration. Changing the nature of the 
cation, e.g., from sodium to ammonium, does not, however, greatly affect the rate 
of thermal degradation in the environment. 

While not wanting to be held to any particular theory, it is believed that the 
degradation of a-branched fluorocarboxylic acids and their derivatives occurs via 
the decarboxylation of the a-branched fluorocarboxylate anion (often created from 
hydrolysis and/or oxidation) to form volatile, non-atmospherically-persistent 
fluorocarbon species, such as olefins and monohydrides. The carboxylate anion can 
be formed from hydrolysis and/or oxidation of other a-branched derivatives. If 
ingested by a transpiring organism, the a-branched fluorocarboxylic acids and their 
derivatives degrade to the above-mentioned volatile materials that are readily 
eliminated from the body, unlike their linear acid analogs which are retained 
unchanged in the body for long periods of time. Organisms will also promote the 
degradation of a-branched materials to volatile materials that are readily eliminated 
by the organism. As the degradation mechanism appears to be independent of a 
biochemical mechanism, degradation and elimination should occur in all transpiring 
organisms (rodents and primates). The salts of a-branched fluorocarboxylic acids 
cannot therefore persist indefinitely in the body of the organism as do some of their 
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linear analogs. The esters and amides of a-branched fluorocarboxylic acids are, 
however, much more hydrolytically stable than their linear analogues. 

Removal and recycling of fluorinated emulsifiers from fluoropolymer water 
emulsions during emulsion polymerization processes have become critical from 
5 environmental, economic, and performance standpoints. a-Branched 

fluorocarboxylic acid ammonium salts are particularly useful as such fluorinated 
emulsifiers. Generally in practice of emulsion polymerization, the emulsifier and 
free radical initiator are first added to water following which is added the 
fluoromonomers as is described in more detail by U.S. Pat. 4,576,869 (Malholtra), 
10 whose description is incorporated herein by reference. Typically utilized free 
radical initiators include diisopropyl peroxydicarbonate and permanganate 

compounds of the formula XMnC>4 where X is hydrogen, ammonium, alkali earth 
metal, or alkaline earth metal. One or more chain transfer agents, such as isopropyl 
alcohol, may also be used to control the molecular weight of the polymer. Useful 
15 fluoromonomers include any ethylenically-unsaturated fluorinated compounds such 
as, for example, tetrafluoroethylene, vinylidene fluoride, trifluoroethylene, 
chlorotrifluoroethylene, hexafluoropropene, vinyl fluoride, and pentafluoropropene. 
Polymerization may be effected by mixing the foregoing ingredients in aqueous 
media at a temperature typically between about 50 and 125 °C and a pressure 

20 typically between about 15 and 40 kg/cm and generally is carried out in a gently 
stirred autoclave. Other details of emulsion polymerization techniques will be 
omitted in the interest of brevity, as such details are well documented and 
understood in the art and reference may be made to the cited documents for such 
teaching. After the fluoropolymer polymerization is complete, the a-branched 

25 ammonium salt can be easily destroyed by simple azeotropic distillation to give the 
volatile monohydride and fluoroolefin as product, which can be recovered and 
derivatized for other applications. 

According to recent tests, the salts of a-branched fluorocarboxylic acids 
have acute toxicities an order of magnitude less (i.e. LD50 levels are ten times 

30 higher) than the linear (non a-branched) analogues. For instance, the linear long 
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chain ammonium carboxylate salt, C9F19COO" NH4" 1 *, is moderately toxic, where its — 
a-branched isomer, C 7 Fi5CF(CF 3 )COO" NH4 + , exhibits relatively low toxicity. 

Another class of preferred ri-substituted fluoroalkylcarbonyl fluoride 
derivatives are tertiary amidoamine intermediates that are useful in the preparation 
5 of degradable fluoroaliphatic surfactants. This class of compositions may be 
represented generally by Formula XII below. 



10 wherein: 

R f and R' f are selected independently from one another as a fluorinated, 



xn 



o 




15 



preferably perfluorinated, group bonded through carbon that may be 
substituted or unsubstituted, cyclic or acyclic, linear or branched (or any 
combination thereof) and may optionally contain one or more catenary 

heteroatoms such as nitrogen, sulfur, or oxygen; Rf or R'f may contain 

one or more hydrogen atoms or one or more other halogen atoms, e.g. 
chlorine, provided that at least 75%, and preferably at least 90%, of the 
atoms attached to the carbon backbone are fluorine atoms; preferably 
the ratio of carbon atoms in said Rf and RV moieties is at least 2 to 1 ; 



20 



k is between 2 and 6; and 



R is a lower alkyl group having from 1 to 4 carbon atoms, preferably 
methyl, or N(R M )2 may be a heterocyclic ring (such as a pyridyl, 
piperidino, or morpholino group). 



25 



A preferred class of these above-described a-branched tertiary amidoamine 
intermediates is that represented by Formula XIII below: 



xm 
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o 

I 

CF 3 (CF 2 ) n CFCNHC k H 2k N(R ) 2 
(CF 2 ) m CF3 



wherein: 

k and R u are as defined supra by Formula XII; 
n is between 4 and about 1 8 inclusive; and 

m is between 0 and about 9 inclusive where preferably n and m are chosen 
such that the ratio of (w+1) to (m+l) is at least 2 to 1. 



The amidoamine intermediates depicted by Formula XIII supra may 

10 subsequently: (1) be either protonated with an inorganic halogen acid (e.g., HC1 or 
HBr), a sulfur-containing inorganic acid (e.g., sulfuric acid),an organic carboxylic 
acid (e.g., CH3COOH), or an organic sulfonic acid (e.g., benzene sulfonic acid) or 
be quaternized with an alkylating agent (e.g., an alkyl halide, dialkyl sulfate, or alkyl 
sulfonate) to form a cationic fluoroaliphatic surfactant; (2) be reacted with a 

15 sultone (e.g., gamma-propane sultone), a lactone (e.g., gamma-butyrolactone), an 
acrylic acid (e.g. acrylic acid), a sulfonato-functional acrylamide (e.g., N-(3-sulfo- 
2,2-dimethylpropyl)acrylamide) or a similar compound to form an amphoteric 
zwitterionic fluoroaliphatic surfactant; or (3) be reacted with an oxidizing agent 
(e.g., hydrogen peroxide) to form the most preferred amphoteric amine oxide 

20 surfactant. The details of such reactions are well-known and established in the art. 

Some pyridinium oxides and pyridinium salts with ester linkages are 
similarly prepared from the fluoroalkylcarbonyl fluorides by reaction with for 
instance 2-(2-hydroxyethyl)pyridine or N-(2-hydroxyethyl)isonicotinamide. 

Among the many classes of surfactants that can be so prepared are tertiary 

25 amidoamine oxide surfactants and quaternary ammonium surfactants. Preferred 
members of the former class include those according to Formula XIV below. 
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10 



xiv- 



o 

R f - CFCNHCkH2kN + (R'')20" 



wherein: 

tt 

Rf, R'f, k, and R , are as defined supra by Formula XII. 



Preferred quaternary ammonium surfactants can be represented by Formula 
XV below. 



XV 



0 

R f -CFCNHC k H2 k N + (R")2R"' A" 

R'r 



wherein: 

ii 

Rf, R f f, k, and R are as defined supra by Formula XII; 
in 

R is hydrogen or a substituted or unsubstituted monovalent organic group; 

and 

15 A' is an anion which is the residue of the alkylating agent R A or the acid 

HA. 



Preferred amphoteric surfactants which can be prepared from a-branched 
tertiary amidoamine intermediates are those isomers represented by Formulas XVI 
20 and XVII below: 



XVI 



ft 

Rr-CFCNHCkH 2 kN (R"hQ(X") 
R'r 
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xvn 



Rf— CFCNCkH 2 kN (R")2H 
RV 



wherein: 

Rf, R'f, k, and R are as defined supra by Formula XII; 
Q is as defined supra by Formula VI; and 
X" is either -S0 3 or -COO. 



1 0 Examples of a-branched fluoroalkylcarbonyl fluorides and derivatives of this 

invention are given below. The Rf- group (C n F2 n +i-) group in each formula is 
primarily normal (i.e., unbranched). 



Carbonvl Fluorides 
1 5 C 6 F,3CF(CF 3 )COF 

CsFuCFfCjFj^OF 
C 6 F 13 CF(C 3 F 7 )COF 
C 7 F 15 CF(CF3)COF 
C 7 F,sCF(C 2 Fj)COF 
20 C 7 F I5 CF(C 3 F7)COF 

CgF n CF(CF 3 )COF 
Ci 0 F 21 CF(CF 3 )COF 
C4F 9 CF(C 2 F5)COF 
C6F 13 CF(C4F 9 )COF 
25 C 6 F 13 CF(C 6 F 13 )COF 

C 10 F 21 CF(C,oF 2 ,)COF 
CF 3 CF(CF 3 )CF 2 CF(CF 3 )COF 
C l6 F 33 CF(CF 3 )COF 
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Acids and Salts 






v~oi liv-'i ^v>r3 Jy^yJ^y 1T4IN 


p,F,.PFfPF^pnrn4 










p^F^PFfPF^POPr h.n + 


P,F . * PFf PF^POHFT 


5 


p^FuPFfPF^Poo' k + 


PoFfPFfPF^POOH 




CAFnCFfCF^COO" Na + 


P 1 «F-> • PFf PF-^POOH 




C-rFuCFfCF^COO* FLN* 


P*F 1 * PFf P-J^POOH 




p-,F,«PFfPF^PO<T Fr.NVFr.iPi-T^nH 


P^F , c PF^P^F^PnOFf 




C 7 F 15 CF(CF 3 )COO* K + 




in 


C 7 F 15 CF(CF3)COO' Na + 






C 7 F,5CF(CF 3 )COO- Li + 






C 7 F l5 CF(CF 3 )COCr 1/2 Ca 2+ 






C 7 F 15 CF(CF 3 )COO- l/2[H 3 N*C2H4NHC2H 4 N + H3] 




C 8 F l7 CF(CF 3 )COCr KJST 




15 


C 8 F 17 CF(CF 3 )COO _ K + 





C, 0 F 21 CF(CF3)COO- Ktf 
Ci 0 F 2 ,CF(CF 3 )COO" K + 

0 /_ F~VcF 2 CFC00" H 4 N + 

R|CF(RV)C0N(R)(CH 2 ) M C00H and sodium salts, where: 
20 R f is CF 3 (CF 2 ) n (;; = 4~9), 

RV is CF 3 (CF 2 ) m ( m= 0 - 1), and 
R is CH 3 or H 

1 . 1 -Dihvdroalcohols 
25 C 7 F,jCF(CF 3 )CH 2 OH 

C 7 F, 5 CF(C 3 F 7 )CH 2 OH 
CioF 2 ,CF(CF 3 )CH 2 OH 
C6F 13 CF(CF 3 )CH 2 OH 
C 5 F„CF(CF 3 )CH 2 OH 
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C 6 F 13 CF(CF2CF3)CH20H 
C4F 9 CF(CF 2 CF3)CH 2 OH 

Amides 

5 C 7 F, 5 CF(CF 3 )CONH 2 

C 5 F, iCF(CF 3 )COMH(CH2)3N(CH 3 )2 
C 6 F 13 CF(CF3)CONH(CH 2 )3N(CH3)2 
C 6 FuCF(C 2 F$)CONH(CH 2 )3N(CH 3 ) 2 
C 7 F, 5 CF(CF3)CONH(CH 2 )3N(CH3) 2 
10 C 7 F 15 CF(C3F7)CONH(CH 2 )3N(CH 3 ) 2 

C 8 F 17 CF(CF3)CONH(CH 2 )3N(CH3)2 
C,oF2 1 CF(CF 3 )CONH(CH2)3N(CH3)2 

O j y 

C 7 Fi 5 Cf£nH(CH2)3N O 
CF 3 \ / 

C 7 F 15 CF(CF3)CON[C 3 H 6 N(CH 3 )2]2 
1 5 CF 3 CF2CF(CF 3 )CF(c-C 6 F 1 ,)CONH(CH 2 )3N(CH3) 2 

(c-C 6 F„) 2 CFCONH(CH 2 )3N(CH3) 2 

C6F,3CF(CF 3 )CONH(CH 2 )3CH3 

C 7 F I5 CF(CF3)CONH(CH 2 ) 3 CH3 

C 7 F I5 CF(CF3)CONHCH 2 CH 3 
20 C 8 F 17 CF(CF 3 )CONHCH 2 CH3 

Ci 0 F 2 |CF(CF 3 )CONHCH 2 CH3 

C 7 F 15 CF(CF 3 )CONH(CH 2 ) 2 N(CH3) 2 



Esters 

25 C 7 F 15 CF(CF3)COOCH 3 

C 7 F 15 CF(CF 2 CF 2 CF 3 )COOCH3 

C6F 13 CF(CF 3 )COOCH3 

C 6 F,3CF(CF 2 CF 3 )COOCH3 
CjFuCFCCFjJCOOCHj 
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C 8 F 17 CF(CF3)COOCH3 

C,oF 21 CF(CF 3 )COOCH3 

CF 3 CF 2 CF(CF3)CF(c-C6Fn)COOCH 3 

(c-C«F„) 2 CFCOOCH3 
5 CjF,,CF(CF 3 )COOCH 2 CH 2 CH 2 CH3 

C 6 F 13 CF(CF3)COOCH 2 CH 2 CH 2 CH3 

C 7 F 15 CF(CF3)COOCH 2 CH 2 CH 2 CH3 

C 8 F, 7 CF(CF3)COOCH 2 CH 2 CH 2 CH3 

C , 0 F 2 ,CF(CF 3 )COOCH 2 CH 2 CH 2 CH 3 
1 0 C 6 F 13 CF(CF 2 CF3)COOCH 2 CH 2 CH 2 CH3 

C 7 F,jCF(CF3)COOC 6 H 5 

C 7 F 15 CF(CF3)COOC6H4-/J-OCH3 

C 7 F I5 CF(CF3)COOC 6 H4-p-N0 2 

C 7 F, 5 CF(CF3)COOCH 2 CH 2 CH 2 N(CH 3 ) 2 
1 5 C 7 F, 5 CF(CF3)COOCH(CH 3 )CH 2 N(CH3) 2 

C 8 F I7 CF(CF 3 )COOCH(CH 3 )CH 2 N(CH3) 2 

C 6 F,3CF(CF 2 CF 3 )COOCH 2 CH 2 NHCO-4-Py 

C 7 F ls CF(CF 3 )COOCH 2 CH 2 NHCO-4-Py 

C 6 F 13 CF(CF3)COOCH 2 CH 2 NHCO-4-Py 
20 C 8 F 17 CF(CF 3 )COOCH 2 CH 2 NHCO-4-Py 

C 8 F I7 CF(CF 3 )COOCH 2 CH 2 -2-Py 

C 7 F l5 CF(CF3)COOCH 2 CH 2 -2-Py 

C6F,3CF(CF 3 )COOCH 2 CH 2 -2-Py 

C 5 F, ,CF(CF 3 )COOCH 2 CH 2 -2-Py 
25 C 7 F, 5 CF(CF 3 )COOCH 2 CH 2 CH 2 N3 

C 7 F,5CF(CF3)COOCH(CH 2 N3)CH 2 OCH 3 

C 7 F 15 CF(CF 3 )COOCH(CH 2 N3)CH 2 OCH 2 N 3 

(where Py = pyridyl) 
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Thioesters 

C 7 F I5 CF(CF 3 )COSCH 2 CH 2 CH 2 CH3 
C 8 F, 7 CF(CF 3 )COSCH 2 CH 2 CH 2 CH3 
C 6 F,3CF(CF 3 )COSCH 2 CH 2 CH 2 CH3 
5 C 5 F l ,CF(CF 3 )COSCH 2 CH 2 CH 2 CH3 

C 7 F 1 jCF(CF 3 )COSCH 2 CH 2 COOCH3 
C 7 F,5CF(CF 3 )COSCH 2 CH 2 COOH 
C 7 F, 5 CF(CF 3 )COSCH 2 CH 2 N(CH 3 ) 2 



10 Amine Oxide Surfactants 



15 



20 



CsF 



! CF(CF 3 )CONH(CH 2 )3N + (CH 3 ) 2 0- 



CfiFuCFCCFjJCONHCCH^N^CI^O- 

C6F,3CF(C 2 F 5 )CONH(CH 2 )3N + (CH 3 ) 2 0- 

C 7 F,5CF(CF3)CONH(CH 2 )3N + (CH 3 ) 2 0- 

C 7 F,5CF(CF3)CON(C 2 H40H)(CH 2 )3N + (CH 3 ) 2 0- 

C 7 F 15 CF(C3F 7 )CONH(CH 2 )3>r(CH3) 2 0- 

C 8 F 17 CF(CF3)CONH(CH 2 ) 3 N + (CH 3 ) 2 0- 

C, 0 F 2I CF(CF3)CONH(CH 2 ) 3 N + (CH3) 2 O- 

C 7 F 15 CF(CF 3 )CON[(CH 2 )3N + (CH3) 2 0] 2 



O 



C 6 F l3 CFCOC 2 H4NH^ 

6f, 



0 



C7F15CFCNHC3H6 



■ 



J 



0 



C6Fi 3 CFCOC 2 H4- 
CF 3 



N 



O" 
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? ^ 

C 7 F 15 CFCOC2H4 



N 



CF 3 

0 



O O r * 

C7F15CFCOC2H4NHC/ V— O' 
CF 3 \=J 



Cationic Surfactants 



5 



CF 3 COOH 
C 5 F, ,CFCOO(CH2)3N + (CH3)2H "OOCCH 2 (!:CH 2 COOH 

OH 

C 7 F 1 5CF(CF3)CON[(CH 2 )3N + (CH 3 )2H] 2 2 [OOCCH 3 ] 



C7F I5 CF(CF 3 )CONH(CH 2 )3N + (CH3)2(C2H40H) CI" 



10 



CF 3 C2H4OH 
CsFuCFCONHCCHs^N^CH^ CI' 

O C2H4OH 

C 7 F,sCFCN[C 3 H6N + (CH 3 )2] 2 2CT 
CF 3 

O O /r— \ 

C 6 F 13 CFCOC2H4NHC C N-CH 3 I 

CF 3 \=/ 
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9 *r~\ . 

C 7 F 15 CFCNHC3H<5NH O OOCCH 3 
CF 3 \ / 



/ v 

C7F 1 5CFCNHC 3H^N O CI" 

CF 3 \\ / 

C2H4OH 



Nonionic Surfactants 

C7F I5 CF(CF3)CO(OCH2CH2)mOH 

C7F 15 CF(CF3)CO(OCH 2 CH2)60CH3 

C 8 F, 7 CF(CF 3 )CO(OCH 2 CH2)i60CH ; 



Amphoteric Surfactants 
1 0 C 7 F ,5CF(CF3)CONH(CH2)3N + (CH 3 )2(C2H 4 COO) 

C 6 F I 3CF(CF3)CON(C 3 H 6 S03")(CH2)3N + (CH3)2H 

C6F 13 CF(CF3)CONH(CH2)3N + (CH3)2C3H 6 S03" 



,5CF?N[e 3 H 6 N( 
CF 



C7F 15 CFCN[e3H6N(CH 3 )2]2 

C2H4COO" 




C7F15CFCNHC3H6N 0 

£f 3 /\ / 

C2H4COO' 



15 



Ethvlenically Unsaturated Monomers 

C4F9CF(CF 2 CF3)COOCH2CH 2 OCOC(CH3)=CH2 
C 5 F, ,CF(CF 3 )COOCH2CH 2 OCOCH=CH2 
CjFnCF(CF3)COOCH2CH20COC(CH 3 )=CH2 
20 C 6 F,3CF(CF3)COOCH2CH20COCH=CH 2 

C 6 F,3CF(CF3)COOCH2CH20COC(CH 3 )=CH2 
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C 7 Fi 5 CF(CF 3 )COOCH 2 CH 2 OCOC(CH 3 )=CH 2 

C 7 F l5 CF(CF3)COOCH 2 CH 2 OCOCH=CH 2 

C 8 F 17 CF(CF 3 )COOCH 2 CH 2 OCOCH=CH 2 

C8F I7 CF(CF 3 )COOCH 2 CH 2 OCOC(CH3)=CH 2 
5 C,oF 2 ,CF(CF 3 )COOCH 2 CH 2 OCOCH=CH 2 

C,oF 2 ,CF(CF3)COOCH 2 CH 2 OCOC(CH3)=CH 2 

C 5 F, ,CF(CF 3 )CH 2 OCOCH=CH 2 

C 7 F l5 CF(CF3)CH 2 OCOCH=CH 2 

C 8 F , 7 CF(CF 3 )CH 2 OCOCH=CH 2 
10 C 7 F 15 CF(C 3 F 7 )CH 2 OCOC(CH3)=CH 2 

C, 0 F 2 ,CF(CF 3 )CH 2 OCOCH=CH 2 

C 6 F,3CF(CF 3 )CH 2 OCH=CH 2 

C 5 F , , CF(CF 3 )CH 2 OCH 2 C 6 H4CH=CH 2 

C 6 F i3CF(CF 2 CF3)CH 2 OCOC(CH 3 )=CH 2 
15 C4F 9 CF(CF 2 CF 3 )CH 2 OCH=CH 2 

The a-branched fluoroaliphatic surfactants made in accordance with this 
invention may be used for any application requiring a surface active agent, including 
uses as protective coatings and similar applications. Those surfactants detailed 

20 herein find particular utility in the formulation of aqueous film-forming foam 
(AFFF) concentrates such as those used to extinguish hydrocarbon and other 
flammable liquid fires. Concentrated aqueous fluoroaliphatic surfactant-containing 
solutions (commonly referred to as "concentrates") that produce an aqueous film- 
forming foam upon dilution to premix solutions (typically called "premixes") and 

25 aeration, must possess a combination of critical properties to be effective in 

extinguishing flammable liquid fires. These concentrates typically are designated as 
1%, 3%, or 6% concentrates and are diluted with 99%, 97%, or 94% fresh or sea 
water respectively to form the premix. Upon dilution, the premix must exhibit 
superior foaming characteristics to produce a thick foam blanket that achieves rapid 

30 knock down, control, extinguishment, and resistance to reignition of the fire and 
persists for a significant time after the fire's extinguishment. Aqueous solutions 
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comprising the fluorochemical surfactants detailed supra are useful as concentrates _ 
for producing a film-forming foam. Because of the remarkably low surface tensions 
achieved by these a-branched fluoroaliphatic surfactants, the surface tension of 
these aqueous solutions is depressed well below the surface tension of a flammable 
5 liquid so that a vapor-sealing film draining from their foam readily spreads over the 
flammable liquid. As a consequence, films produced by these solutions have a 
strong tendency to reform if disturbed or broken thereby reducing the tendency of a 
fire to reignite where the film has been disturbed, for example, by wind blowing 
over the surface of the foam. 

10 In practice of the aqueous film-forming foam concentrates, water delivered 

through a fire hose under pressure educts typically three percent by volume of a 3% 
concentrate into the hose line by venturi effect to form a premixture (or "premix") 
of the concentrate diluted with water. The premix becomes aerated to produce a 
foam by use of an air-aspirating nozzle located at the outlet end of the hose. The 

15 foam is applied to a body of burning fuel or other flammable liquid and spreads 
quickly as a thick but mobile blanket on the surface for rapid extinguishment. As 
the foam on the surface of the flammable liquid drains, an aqueous film is formed 
which, if disturbed or broken, tends to reform to seal hot vapors and prevents 
reignition of the fire. The concentrates of the invention are considered highly 

20 storage stable, passing the U.S. Government specification (MJL-F-24385F) 

requiring that foaming and film-forming properties of concentrates not be adversely 
affected if the concentrate and its fresh and sea water premixes (i.e., the concentrate 
diluted with water) are stored at 65 °C for 10 days, designed to simulate a room 
temperature storage period of approximately 10 years. 

25 The aqueous film-forming foamable solutions (i.e., concentrates) of the 

invention comprise an aqueous solution of one or more a-branched fluoroaliphatic 
surfactants of this invention and one or more water-soluble substantially fluorine- 
free surfactants. While any of the a-branched fluoroaliphatic surfactants described 
herein may be employed in the AFFF concentrates of the invention, amphoteric a- 

30 branched fluoroaliphatic surfactants are preferred, the amphoteric amine oxide 
surfactants being particularly preferred. One or more additional fluoroaliphatic 
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amphoteric and/or anionic surfactants, such as a fluorinated aminocarboxylate or a . 
perfluoroalkane sulfonate, may also be added to the formulation. Such additional 
surfactants are described in U.S. Pat. No. 5,085,786 (Aim et al.), whose description 
is also incorporated herein by reference. 

Useful fluorine-free surfactants include (1) nonionic surfactants that have a 
hydrophilic-lipophilic balance (HLB) value of greater than or equal to about 10, (2) 
anionic surfactants having a carbon chain length containing inclusively from about 6 
to about 16 carbon atoms and (3) amphoteric surfactants, used either individually or 
as blends. 

Representative nonionic fluorine-free surfactants include ethylene oxide- 
based nonionic surfactants such as C n H2 n +iO(C2H40) m H where n is an integer 

between about 8 and 18 and m is greater than or equal to about 10; ethoxylated 
alkylphenols such as 



where p is an integer between about 4 and about 12 and z is greater than or equal to 
about 10, and block copolymers of ethylene oxide and propylene oxide such as 
Pluronic™ F-77 surfactant (containing at least about 30 wt% ethylene oxide) 
available from BASF Corp., Wyandotte, Michigan. 

Representative short chain anionic fluorine-free surfactants include alkyl 
sulfates, such as sodium octyl sulfate (e.g., Sipex™ OLS, commerically available 
from Rhone-Poulenc Corp., Cranberry, New Jersey) and sodium decyl sulfate (e.g., 
Polystep™ B-25, commercially available from Stepan Co., Northfield, Illinois; alkyl 

ether sulfates such as Cn^n+KC^H^OSOaNa, where 6 < n < 10 (e.g., 
Witcolate™ 7093, commerically available from Witco Corp., Chicago, Illinois); and 
alkyl sulfonates such as C n H2 n +iS03Na, where 6 < n < 10. 

Representative amphoteric surfactants include amine oxides, 
aminopropionates, sultaines, alkyl betaines, alkylamidobetaines, dihydroxyethyl 
glycinates, imadazoline acetates, imidazoline propionates, and imidazoline 
sulfonates. Preferred amphoteric surfactants include: salts of Ai-octyl amine di- 

propionic acid, e.g., C8HnN(CH2CH2COOM)2 where M is sodium or potassium; 
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Mirataine™ H2C-HA (sodium laurimino dipropionate), Miranol™ C2M-SF Cone. — 
(sodium cocoampho propionate), Mirataine™ CB (cocamidopropyl betaine), 
Mirataine™ CBS (cocamidopropyl hydroxysultaine), and Miranol™ JS Cone... 
(sodium caprylampho hydroxypropyl sultaine), all commerically available from 
5 Rhone-Poulenc Corp.; and those imidazole-based surfactants described in U.S. Pat. 
No. 3,957,657 (Chiesa, Jr.), whose description is hereby incorporated by reference. 

The abovementioned preferred amphoteric surfactants are especially useful 
in combination with the fluorinated a-branched fluoroalkylcarbonyl amidoamine 
oxide surfactants of this invention to formulate superior AFFF agents. Not only is 

10 the foamability of the agents excellent, but the surface tensions of the premixes 
made from the concentrates are very low, for example, below about 1 7 dynes/cm, 
and the interfacial tension at about 2.5 dynes/cm is optimal for film formation. This 
allows the premixes to form thick and stable non-emulsified aqueous films which 
spread over the fuel or other flammable liquid, leading to excellent fire-fighting 

1 5 performance. 

Additional components may optionally be added to the AFFF concentrates 
such as water soluble solvents used to facilitate solubilization of the fluoroaliphatic 
surfactant or surfactants, including ethylene glycol, glycerol, butyl Carbitol™, 
dipropylene glycol mono-w-propyl ether, dipropylene glycol monomethyl ether, and 

20 hexylene glycol. These solvents may also act as foam stabilizers and 

freeze-protection agents. Additional components, such as stabilizers and 
thickeners, can be incorporated into the concentrates of the invention to enhance 
the foam stability property of the foam produced after aeration of the premix. 
Examples of stabilizers and thickeners include partially hydrolyzed protein, starches, 

25 polyvinyl resins (e.g., polyvinyl alcohol, polyvinyl pyrolidone, polyacrylamides, 
carboxyvinyl polymers), alkanolamide surfactants, long chain alkanols, 
poly(oxyethylene)-glycol, guar gum and locust bean gum. In particular, 
polysaccharide resins, such as xanthan gum and other biogums, can be incorporated 
as foam stabilizers in concentrates intended to be used on polar solvent fires such as 

30 alcohols, ketones, and ethers. Other useful resins for improving polar solvent 
resistance are fluorochemically modified acrylates or polymers. Corrosion 
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inhibitors, buffers, antimicrobial or other preservative agents, and divalent ion salts — 
may also be employed. Additional components that may be added to the AFFF 
formulations of the invention are detailed in U.S. Pat. Nos. 5,085,786 (Aim et.al.) 
and 3,772,195 (Francen), both of whose descriptions are incorporated herein by 
5 reference for such purpose. 

Typically, between 1 and 10 percent by weight of the fluorochemical 
surfactant or surfactants and between 1 and 30 percent by weight of the fluorine- 
free surfactant or surfactants will be employed to make the AFFF concentrate. The 
total amount of solids attributable to other additive components, if such 

10 components are present, should be such that the premix maintains its foamability 
and such that the density of the foam prepared therefrom is less than about 1 g/cc. 
Generally, the amount of solids in the concentrate attributable to said optional 
components will be less than about 50 weight percent, preferably less than about 30 
weight percent, of the concentrate. The amount of solvent used in the concentrate 

1 5 typically is between 5 and 40 percent by weight of the concentrate. Generally, the 
amount of solids (Le. nonvolatiles) attributable to non-surfactant and non-solvent 
components such as stabilizers, thickeners, corrosion inhibitors, buffers, 
antimicrobial agents, and divalent ion salts will be less than about 20 percent by 
weight, preferably less than about 1 0 weight percent of the concentrate. 

20 The following examples are offered to aid in a better understanding of the 

present invention. These examples are not to be construed as an exhaustive 
compilation of all embodiments of the present invention and are not to be 
unnecessarily construed as limiting the scope of this invention. 

25 Examples 

TEST METHODS 
The following test methods and procedures were used to evaluate the 
performance of the fluorinated emulsifiers, surfactants and AFFF agents made 
30 therefrom: 
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Surface Tension (ST): Surface tensions of aqueous surfactant solutions — 
and 3% AFFF premixes were measured in units of dynes/cm using a K-12 Processor 
Tensiometer and 665 Dosimat™ measuring method with Software K 122, available 
from Rriiss GmbH, Hamburg Germany. The surface tension should be as low as 
5 possible for the premix to have its maximum film-forming effectiveness. 

Interfacial Tension (IT): Interfacial tensions (in dynes/cm) of the interface 
formed between 3% premixes and n-heptane (>99% purity, surface tension = 20.4 
dynes/cm) were measured using a K-12 Processor Tensiometer. The interfacial 
tension should be as high as possible to produce thick, stable films and to avoid 
10 ernulsification of the fuel, yet should be sufficiently low to allow for a positive 
spreading coefficient. 

Spreading Coefficient (SC): The Spreading Coefficient (in dynes/cm), is 
calculated from the surface and interfacial tension values measured with the 
premixes as follows: 



15 



SC - ST(fiiel) - [ST(premix) + IT(premix/fuel)] 



A positive Spreading Coefficient is a minimum requirement for the premix to form a 
vapor sealing aqueous film on the surface of the fuel. 

20 Critical Micelle Concentration (CMC): The critical micelle concentration 

is defined as the concentration at which further surface tension is no longer lowered 
with increasing levels of surfactant. To determine CMC, surface tension is 
measured as a function of surfactant concentration using a K- 1 2 Processor 
Tensiometer in conjunction with a 665 Dosimat automatic surfactant injection 

25 device (also commercially available from Kriiss GmbH). Surface tension is then 

plotted vs. log concentration and the data points are connected. The resulting curve 
has a nearly horizontal flat portion at concentrations above the CMC and has a 
negative steep slope at concentrations below the CMC. The CMC is defined as the 
lowest surfactant concentration in the horizontal flat portion of the curve. 

30 Foam Expansion and Drain Time: Foam expansion, defined as the 

volume of foam produced divided by the volume of liquid used to produce the 
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foam, is determined as described in U.S. Government Military Specification MIL-F-— 
24385, Revision F. In this test, a standard National Foam System 2 gal/min (7.6 
L/min) nozzle is used to generate foam from a 3% premix (i.e., 3 parts by volume of 
concentrate mixed with 97 parts by volume of fresh or sea water) contained in a 
5 stainless steel pressurized tank. The foam is deflected off a 45° backstop into a 1-L 
tared graduated cylinder, and the weight of the cylinder plus foam is recorded in 
grams. The foam expansion is calculated by dividing the actual volume (mL) (i.e., 
not the nominal 1-L volume) of the graduate by the weight (g) of the foam. 
The 25% drain time for the foam, also described in U.S. Government 

10 Military Specification MEL-F-24385, Revision F, is defined as the amount of time 
after foam collection for 25% of the weight (i.e., volume) of foam to drain to the 
bottom of the graduate (read as milliliters in the graduated cylinder, assuming a 
specific gravity of 1.0). 

Film-Forming and Sealing: The Film-Forming and Sealing Test 

1 5 determines whether an AFFF premix is capable of forming a stable film on n- 

heptane. In this test, an inverted No. 8 flathead screw is placed in the center of a 10 
cm diameter glass petri dish containing 40 mL of n-heptane (> 99% purity, surface 
tension = 20.4 dynes/cm). An aqueous film is generated on the n-heptane surface 
by gently applying dropwise 0.75 mL of test premix solution from a 1 mL 

20 disposable syringe to the tip of the inverted screw over an approximately 30 to 60 
second time period. Two minutes after applying the first drop of premix solution, a 
small flame is moved approximately 0.5 inch (1 .3 cm) over the n-heptane surface 
for about 10 seconds. For a good vapor seal, no sustained ignition shall result, 
though a small intermittent flash is permitted. 

25 Fire Extinguishment and Burnback Test: The fire test procedure used to 

evaluate AFFF agents in the examples is outlined in the U.S. Department of Defense 
Military Specification No. MEL-F-24385, Revision F, Section 4.7.13.2. According 
to this procedure, 3.0 gallons of a 3.0% (vol) premix is made by mixing 3 volumes 
of a 3% concentrate with 97 volumes of synthetic sea water (the sea water being 

30 made in accordance with ASTM Dl 141). The premix is poured into a tank with 
attached hose and foam nozzle, and the filled tank is pressurized. Then 15 gallons 
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(57 L) of automotive gasoline is poured onto a water base contained in a 50 ft 2 (4.7- 

m 2 ) circular pit. After the gasoline is ignited and allowed to preburn for 10 
seconds, an operator aggressively attacks the fire using foam generated from the 
premix by passing the premix through a National Foam System air-aspirating nozzle 
5 at a flow rate of 2.0 gal/min. The percent extinguishment of the fire is recorded at 
every 10 second mark until the fire is fully extinguished. Also, the exact 
extinguishment time is recorded. The efficiency of fire extinguishment is quantified 
as the "40 second summation," which is defined as the sum of the percent 
extinguishment values recorded at the 10, 20, 30 and 40 second marks. After 
10 extinguishment, the foam is continually applied to the pit until the 90 second mark, 
at which time the premix solution is exhausted. 

Within 60 seconds after extinguishment, a one foot diameter circular pan 
containing burning gasoline is placed at the center of the circular pit. The time for 

25% (12.5 ft 2 , or 1.16 m 2 ) of the foam-covered area to become reinvolved in 
15 flames is measured and is recorded as the "25% burnback time." 



EXAMPLES 



A. Synthesis of a-Branched Fluoroalkylcarbonyl Fluorides 

20 Example Al 

C7F 15 CF(CF 3 )COF, an a-branched perfluoroalkylcarbonyl fluoride, was 
prepared using the following electrochemical fluorination procedure. 

Using an electrochemical fluorination cell of the type described in U.S. Pat. 
2,713,593 (Brice et al.), a mixture of 94% (wt) C 7 H 15 CH(CH 3 )C0C1 (275.4 g) and 
25 6% (wt) dimethyldisulfide (DMDS) (17.6 g) was electrochemically fluorinated in 
boiling HF at 1380 torr and 38 °C contained in a 750 mL cell equipped with a 0.037 

m nickel anode for a total time of 300 hours using an average current of 7.74 amps 
and average conductivity of 6.8 volts during the electrofluorination. The 
production rate of crude perfluorinated carbonyl fluoride increased throughout the 
30 run to a peak level of 20.0 g/50 amp-hours. Yield of functional 

perfluoroalkylcarbonyl fluorides produced was about 1 7% of theoretical based on 
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cell crude, according to a GC/FTIR analysis of an aliquot derivatized into the 
methyl ester. Subsequent analysis of the functional perfluoroalkylcarbonyl fluoride 
mixture using GC/MS showed 2 1% to be C 7 F,5CF(CF 3 )COF. 

5 The following a-branched perfluoroalkylcarbonyl fluorides (Examples A2- 

A3) were synthesized from their unfluorinated carbonyl chloride analogues using 
the essentially the same electrochemical fluorination procedure as described in 
Example Al. 

10 E?l 

A2. C 6 F 13 CF(CF3)COF 
A3. C4F 9 CF(CF 2 CF 3 )COF 

Synthesis of Methyl Ester Intermediates By Direct Fluorination 

15 C6F 13 CF(CF 3 )COOCF3 was prepared from C 6 H 13 CH(CH 3 )COOCH 3 using 

the following direct fluorination procedure. A direct fluorination run was made 
using a reactor system similar to the one described in U.S. Pat. No. 5,488,142. 
6449 g of 3M Brand PF-5052 Performance Fluid was charged to the gas-liquid 
separator of the reactor system and, using a circulating pump, was circulated 

20 through the reactor system at a rate of 1 1 .8 kg/min. Nitrogen was introduced into 
the circulating stream of PF-5052 at a rate of 2007 cm 3 /min, and the temperature of 
the circulating stream was maintained at 28 °C, maintaining the temperatures of the 
two overhead condensors at 10 °C and -32 °C respectively. After sufficient 
nitrogen had purged the vapor space to drop the oxygen concentration to below 

25 0.1% (as measured in the gas stream exiting the system), fluorine was introduced 
into the tubular reactor at 538 cmVmin. A feed of 464 g of 
C6H 13 CH(CH 3 )COOCH 3 was gradually introduced into the PF-5052 in the mixing 
zone to react with the fluorine over a period of 59 hours. After all of the organic 
feed had been added, the diluted fluorine addition was continued until the oxygen 

30 gas content of the gaseous effluent of alumina columns used as scrubbers rose to 
greater than 5% (i.e., the alumina reacts with fluorine and releases oxygen). The 
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fluorine supply was shut off and the nitrogen supply was continued until unreacted — 
fluorine was purged from the system, after which the circulating pump was shut off. 
Percent yield ofC 6 F 13 CF(CF3)COOCF3 was 72%. The product was purified by 
distillation. 

5 The following fluorinated ester derivatives were prepared from their 

hydrocarbon analogues using an analogous direct fluorination procedure to that 
described immediately above. 



Ex. Percent Yield 
10 C 5 F u CF(CF 3 )COOCF3 86 

C 7 F 15 CF(CF 3 )COOCF3 85 
C 8 F 17 CF(CF3)COOCF3 91 
Ci 0 F 21 CF(CF3)COOCF 3 76 

C| 6 F 3 3CF(CF 3 )COOCF3 Not Recorded (N/R) 
15 C6F I3 CF(C2F 5 )COOCF 3 72 

C 6 F l3 CF(C 3 F 7 )COOCF 3 N/R 
C 7 F 15 CF(C 3 F 7 )COOCF3 82 
C 6 F,3CF(C4F 9 )COOCF3 N/R 



20 Example A4 

In Example A4, C 7 F 15 CF(CF 3 )COF was prepared from 
C 7 Fi 5 CF(CF 3 )COOCF 3 . To 4500 g (7.73 mol) of C 7 F 15 CF(CF 3 )COOCF 3 in 1700 
mL of acetone was added 200 g (1.2 mol) of KI in one portion at room 
temperature. The mixture was stirred for 2 hours at room temperature and then for 

25 another 2 hours at 40°C. The inorganic salt by-product was filtered off, and the 
bottom layer, containing the desired product, was recovered by distillation at 142- 
147°C (3598 g, 90.2% yield). The structure of the desired product, 
C 7 Fi 5 CF(CF3)COF, was confirmed by analysis of IR and 19 F NMR spectra. 

(By word of Caution to the reader: Running this size reaction generates 

30 significant concentrations of hazardous carbonyl fluoride (COF 2 ), and care must be 
taken to remove the COF 2 by suitable absorption in aqueous alkali.) 
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Examples A5-A13 

The following fluoroalkylcarbonyl fluorides were prepared from their . 
perfluorinated methyl ester analogues using the same KI reaction procedure as 
5 described in Example A4. 



Ex. 




Percent Yield 


A5. 


C 5 FuCF(CF 3 )COF 


79 


A6. 


C 6 F, 3 CF(CF 3 )COF 


84 


A7. 


C 8 Fi7CF(CF 3 )COF 


92 


A8. 


C I0 F 2 iCF(CF 3 )COF 


88 


A9. 


C, 6 F 33 CF(CF 3 )COF 


N/R 


A10. 


C 6 F 13 CF(C 2 F 5 )COF 


84 


All. 


C 6 F 13 CF(C 3 F 7 )COF 


N/R 


A12. 


C 7 F 15 CF(C 3 F 7 )COF 


85 


A13. 


C 6 F 13 CF(C 4 F 9 )COF 


N/R 



B. Synthesis of a-Branched Perfluoroalkylcarboxamides 

Example B 1 

20 C 7 Fi5CF(CF3)CONH(CH 2 )3N(CH3)2 was prepared by reacting 

C7Fi5CF(CF 3 )COF (from Example Al) with N,N-dimethylaminopropylamine using 
the following procedure. 1084 g (2. 1 mol) of C 7 Fi 5 CF(CF 3 )COF was added 
dropwise to a mixture of 320 g (3. 1 mol) of N,N-dimethylaminopropylamine and 
1200 mL of tetrahydrofuran (THF) at room temperature over a period of 

25 approximately 2 hours. After addition was completed, the mixture was refluxed for 
3 hours. After being allowed to cool, the THF solution was washed twice with an 
aqueous solution of NaHC0 3 , then was washed twice with deionized water. The 
aqueous portion was extracted twice with 150 mL aliquots of chloroform, the 
chloroform solutions were combined with the THF solution, and the resulting 

30 combined solution was dried over anhydrous MgS0 4 . Solvent was removed under 
reduced pressure and the residue was distilled under reduced pressure to give 1025 

-39- 



L 



( : : '-. ■ 

WO 98/19742 PCT/US97/04560 

g (82% yield) of the desired product, whose structure was confirmed by IR spectra — 
and by % l3 C and ,9 F NMR spectra. 

The following ot-branched perfluoroalkylcarbonamidoamine and 
perfluoroalkylcarbonamide intermediates (Examples B2-B15) were synthesized by 
5 reacting their a-branched perfluoroalkylcarbonyl fluoride analogues shown in 

Examples A1-A13 with N,N-dimethylaminopropylamine, dimethylaminopropanol or 
primary mono- or diamines using the same reaction procedure as described in 
Example Bl, keeping the molar ratio of carbonyl fluoride to active hydrogen- 
containing amine the same. In some examples, diisopropyl ether (EPE) was used as 
10 the solvent instead of THF. 









Amine Used 




B2. 


C 5 F, ,CF(CF3)CONH(CH 2 ) 3 N(CH3)2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 




B3. 


C 6 F,3CF(CF 3 )CONH(CH 2 ) 3 N(CH 3 ) 2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 


15 


B4. 


C 8 F I7 CF(CF3)CONH(CH 2 ) 3 N(CH3)2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 




B5. 


C 10 F 21 CF(CF3)CONH(CH 2 ) 3 N(CH3) 2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 




B6. 


C 6 F I3 CF(CF 2 CF3)CONH(CH 2 )3N(CH3) 2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 




B7. 


C 7 F l5 CF(CF 2 CF 2 CF3)CONH(CH 2 )3N(CH 3 ) 2 


H 2 N(CH 2 ) 3 N(CH 3 ) 2 




B8. 


C 6 F 13 CF(CF3)CONH(CH 2 )3CH3 


H 2 N(CH 2 ) 3 CH 3 


20 


B9. 


C 7 F 15 CF(CF 3 )CONH(CH 2 )3CH3 


H 2 N(CH 2 ) 3 CH 3 




BIO. 


C 7 F,5CF(CF 3 )CONH(CH 2 ) 2 N(CH 3 ) 2 


H 2 N(CH 2 ) 2 N(CH 3 ) 2 




Bll. 


C 7 F, 5 CF(CF 3 )CONHCH 2 CH3 


H 2 NCH 2 CH 3 




B12. 


C 8 F 17 CF(CF3)CONHCH 2 CH 3 


H 2 NCH 2 CH 3 




B13. 


C i 0 F 2 , CF(CF 3 )CONHCH 2 CH 3 


H 2 NCH 2 CH 3 


25 


B14. 







o 



c 7 f , 5 cfc!:nh(ch2)3 t/ \> 

CF 3 \ / 



H 2 N(CH 2 ^ 
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Example Bl 5 

C 7 F 1 5CF(CF3)CON[(C 3 H 6 N(CH3)2]2 was prepared by reacting 
C 7 F 15 CF(CF 3 )COF (from Example Al) with HN[(C 3 H 6 N(CH 3 ) 2 ]2 using the 
following procedure. 25.8 g (0.05 mol) of C 7 F, 5 CF(CF 3 )COF was added to a 
5 mixture of 18.7 g (0.10 mole) of HN[(C 3 H6N(CH 3 ) 2 ] 2 and 50.5 g of diisopropyl 
ether in a 3 -necked round bottom flask equipped with stirrer, heater, thermometer 
and reflux condensor, and the resulting mixture was refluxed for 3 hours and was 
allowed to cool. Then 150 g of deionized water was added and the contents of the 
flask were stirred vigorously. The pH of the contents was adjusted downward from 

10 10 to 9 using acetic acid, resulting in the formation of two distinct phases. The 
lower aqueous phase was drained, saving the upper organic phase. The organic 
phase was then washed with 50 g of water (readjusting the pH of the contents to 9), 
and the water phase was again drained. The washed organic phase was dried over 
anhydrous MgS0 4 , was filtered, and was evaporated to dryness in a vacuum oven, 

15 resulting in 30.0 g of an amber oil which was the desired product (as confirmed by 
IR and ! H NMR analysis). 

C. Synthesis of a-Branched Perfluorocarboxvlic Acid Methyl Esters 

Example C 1 

20 The methyl ester, C 7 F I5 CF(CF 3 )COOCH 3 , was prepared using the following 

procedure. C 7 Fi 5 CF(CF 3 )COOCF 3 was mixed with a stoichiometric excess of 
methanol, and the mixture was refluxed with stirring for 2 hours. The unreacted 
methanol was distilled off and the desired methyl ester, C 7 F, 5 CF(CF 3 )COOCH 3 , 
was washed with deionized water, was dried over anhydrous MgS0 4 , and was 

25 purified by distillation. 

The following methyl esters ( Examples C2-C9) were synthesized using the 
same procedure as described in Example CI . 

Ex, 

30 C2. C 7 F 15 CF(CF 2 CF 2 CF 3 )COOCH 3 
C3 . C 6 F 13 CF(CF 3 )COOCH 3 
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C4. C 6 F 13 CF(CF 2 CF3)COOCH3 

C5. C 5 FnCF(CF 3 )COOCH3 

C6. C8F I7 CF(CF 3 )COOCH3 

CI. C, 0 F 21 CF(CF 3 )COOCH 3 

5 C8. CF3CF 2 CF(CF 3 )CF(c-C6F 1 ,)COOCH3 * 

C9. (c-C 6 Fn) 2 CFCOOCH 3 * 



* The cyclic perfluorinated methyl ester precursors to these methyl esters were 
made according to the procedure described in Example A4 

10 

D. Synthesis of a-Branched Perfluorocarboxvlic Acid (Meth)acrylates and 

Longer Chain Esters 
Example Dl 

The acrylate, C 7 F 15 CF(CF 3 )COOCH 2 CH 2 OCOCH=CH 2 , was prepared 
15 using the following procedure. 1 55 g (0.3 mol) C 7 F,5CF(CF 3 )COF (from Example 
Al) was added dropwise at room temperature to a mixture of 41 g (0.35 mol) of 2- 
hydroxyethylacrylate, 31 g (0.3 mol) of triethylamine, and 350 mL of THF. After 
addition was complete, the resulting mixture was allowed to react by heating to 
50°C with stirring for 3 hours. The reaction mixture was washed 3 times with 
20 deionized water, the resulting aqueous solutions were poured together and 

extracted with chloroform, the resulting chloroform solution was combined with the 
reaction mixture, and reaction mixture/chloroform combination was dried over 
anhydrous MgSC>4. The solvent was then removed and the residue was distilled at 
95-102°C and 3 mm Hg to yield 130 g of desired product, whose structure was 
25 confirmed using IR and NMR analysis. 

The following acrylates, methacrylates and alkyl-, aryl-, substituted alkyi- 
and substituted aryl esters (Examples D2-D31) were synthesized using the same 
procedure as described in Example Dl. 
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C^F 1 <CFfCF* iCOOCR>CH^-2-Pv 




D27. 


C 6 F i3CF(CF 3 )COOCH 2 CH2-2-Py 




D28. 


CjF, ,CF(CF 3 )COOCH 2 CH 2 -2-Py 




D29. 


C 7 F ,5CF(CF3)COOCH2CH 2 CH 2 N3 


30 


D30. 


C7F 15 CF(CF 3 )COOCH(CH 2 N 3 )CH 2 OCH3 




D31. 


C 7 F,jCF(CF3)COOCH(CH 2 N3)CH 2 OCH 2 N3 
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D32. C7F 15 CF(CF 3 )COOCH(COOCH 3 )(CH3) 

D3 3 . C 7 F 15 CF(CF3)COOCH(CH3)CH 2 N(CH3)2 

D34. C 8 F 17 CF(CF 3 )COOCH(CH3)CH 2 N(CH3)2 

D35. C 5 FmCF(CF3)COO(CH2)3N(CH 3 )2 

5 (where Py = pyridyl) 



The acrylate and methacrylate esters from Examples Dl-Dl 1 were fully 
recoverable with essentially no degradation after being stirred with concentrated 
aqueous ammonium hydroxide for a period of 2 days. Thus, a-branched esters 
10 were shown to be hydrolytically stable, even in basic solution, so that they may be 
polymerized using emulsion polymerization. In contrast, similar esters of a non-a- 
branched perfluorocarboxylic acid, for example, C 7 Fi5COOCH 2 CH 2 OCOCH=CH2, 
were readily hydrolyzed under comparable conditions. 

15 E. Synthesis of a-Branched Perfluoroalkylcarbonyl Amine Oxide Surfactants 

Example El 

C 7 F 1 5CF(CF 3 )CONH(CH2) 3 N f (CH3)20* was prepared by reacting 
C 7 F 15 CF(CF3)CONH(CH2)3N(CH 3 )2 (from Example Bl) with hydrogen peroxide 
using the following procedure. 12.0 g (0.02 mol) of 

20 C 7 F 15 CF(CF3)CONH(CH2)3N(CH 3 )2 and 12.0 g of ethanol were added to a 3- 
necked round-bottom flask equipped with stirrer, thermometer and water 
condenser. To this stirred solution was added 5.7 g (0.05 mol) of 30% aqueous 
H2O2 over a 5 minute period, and stirring was continued for 72 hours at ambient lab 
temperature. The resulting solution was refluxed for a 4-hour period, 0.2 g of 

25 decolorizing/activated charcoal was added, and the mixture was gently refluxed for 
an additional 3 hours. The reacted mixture was filtered through Celite™ filter aid 
and the filtrate was evaporated to dryness at aspirator vacuum at 70°C for 3 hours 
to produce a viscous yellow oil. IR analysis and ! H and ,9 F NMR analysis were 
consistent with the structure C 7 F,5CF(CF3)CONH(CH2) 3 N + (CH 3 )20". 

30 The following a-branched tertiary perfluoroalkylcarbonamidoamine oxides 

(Examples E2-E9) were synthesized by reacting their a-branched tertiary 
perfluoroalkylcarbonamidoamine analogues with hydrogen peroxide using the same 
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reaction procedure as that described in Example El, keeping the molar ratio of 
reactants the same: 



Ex. Amine Oxide 

5 E2 C 3 F„CF(CF 3 )CONH(CH 2 )3N + (CH3) 2 0- 

E3 C6F,3CF(CF3)CONH(CH 2 )3N + (CH3)20- 

E4 C 8 F 1 7CF(CF 3 )CONH(CH 2 )3N + (CH3)20' 

E5 C,oF 21 CF(CF3)CONH(CH 2 )3N + (CH 3 )20' 

E6 C 6 F,3CF(C 2 F5)CONH(CH 2 )3N + (CH 3 ) 2 0" 

10 E7 C 7 F 13 CF(C3F 7 )CONH(CH 2 ) 3 N + (CH3) 2 0- 

E8 C 7 F 1 5CF(CF3)CON(C 2 H 4 OH)(CH 2 )3N + (CH3) 2 0- 



E9 



C7F15CFCNHC3H6N O 



15 Example E10 

The perfluoroalkylcarbonyl pyridinium amine oxide, 

C 7 F x 5 CFCOOC 2 H4NHCO / \ — O' 
CF 3 \=/ 

was prepared using the following procedure. A mixture of 0.04 mol of 
C 7 F 15 CF(CF3)COOCH2CH 2 NHC0.4-Py (from Example D23) and 0.1 mol of 

20 peracetic acid in 100 mL of ethanol was allowed to react by refluxing for 9 hours. 
Then 2 g of activated carbon was added and the mixture was allowed to reflux for 3 
additional hours. The mixture was filtered and the solvent was removed from the 
filtrate to give the desired product. 

The following a-branched tertiary perfluoroalkylcarbonyl pyridinium amine 

25 oxides (Examples E 1 1 -E 1 3) were synthesized by reacting their a-branched 
perfluoroalkylcarbonyl pyridine analogues with peracetic acid using the same 
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reaction procedure as that described in Example E10, keeping the molar ratio of 
reactants the same: 

Ex. Amine Oxide 
5 Ell 



E12 



E13 




10 Example El 4 

C 7 F 1 5CF(CF3)CON[(CH2)3N + (CH3) 2 0']2 was prepared using the following 
procedure. To 10.0 g (0.0146 mol) of C 7 Fi 5 CF(CF3)CON[C 3 H6N(CH3)2] 2 (from 
Example B 16) was added 10.0 g of ethanol. 7.9 g (0.07 mol) of 30% aqueous 
H 2 0 2 was added, and the mixture was heated at 70° C for 5 hours, then was 

1 5 allowed to cool to room temperature. After cooling, the mixture was refluxed for 1 
hour; then 0.2 g of activated carbon was added and the mixture was refluxed for an 
additional 3 hours. The solution was filtered and the solvent was removed at 70° C 
and 25 torr to give 10.7 g of the desired product, a yellow oil. 
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F. Synthesis of g-Branched Perfluoroalkylcarbonyl Cationic Surfactants 
Example Fl 

The pyridinium salt, 



10 



? 




C 7 Fi5pCOC 2 H4NHC 
CF 3 

was prepared using the following procedure. C 7 F 15 CF(CF3)COOCH2CH2NHCO-4 
Py (from Example D22) was added to a slight stoichiometric excess of methyl 
iodide in THF, and the mixture was allowed to react by refluxing for 2 hours. The 
resultant orange solid was filtered off, was washed with THF, and was 
recrystallized from ethanol as yellow crystals. 



Example F2 

The following a-branched perfluoroalkylcarbonyl pyridinium iodide was 
synthesized by reacting the analogous a-branched perfluoroalkylcarbonyl pyridine 
(from Example D23) with methyl iodide using the same reaction procedure as 
15 described in Example Fl, keeping the molar ratio of reactants the same: 

O O r x 

c 6 f 13 cf£oc2H4Nh#^ n-ch 3 r 

CF 3 



Example F3 

10.0 g (0.02 mol) of the amidoamine from Example B2 and 1 .77 g (0.022 
mol) of 2-chloroethanoI were added to a round bottom flask. The mixture was 
20 heated and stirred at 70°C for 24 hours and was cooled to give an amber resinous 
material. Using infrared spectroscopy, the structure of the product was confirmed 
to be the desired cationic fluoroaliphatic surfactant, 

Cp 3 C2H4OH 



CsFi jCFCONH^Ha^McHa^ Cf 
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Example F4 

The following a-branched perfluoroalkylcarbonyl amidoamines (Example 
F4-F6) were synthesized using a synthetic procedure analogous to that described 
in Example F3 except that the amides of Examples Bl, B14 and B15 respectively 
were substituted for that from Example B2. 



Ex. 
F4. 



CFj C2H4OH 
C 7 F,5cVcONH(CH 2 ) 3 N + (CH 3 )2 CI* 



F5 



ft +/~\ 
C 7 F 15 CFCNHC 3 H 6 N O CI 

CF 3 M 



6 



2H4OH 



F6 



0 C2H4OH 
C 7 Fi5CFCN[C3H6N + (CH 3 ) 2 ] 2 2d 



CF 3 



Example F7 

1 .0 g (0.001 6 mol) of the amidoamine from Example B 14, 1 .22 g (0.02 
mol) of glacial acetic acid and 1.11 g of deionized water were combined in a 
round bottom flask and stirred for 1 hour at ambient temperature to form a clear 
solution of the desired surfactant salt, 



ft 

C 7 F 15 CFCNHC 3 H 6 >fH O OOCCH 3 
CF 3 \ / 
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Example F8 

10.0 g (0.02 mol) of C5FnCF(CF 3 )COO(CH2)3N(CH3)2 
(from Example D35), 3.84 g (0.02 mol) of citric acid (> 99.5% pure) and 10.0 g 
of ethanol were combined in a round bottom flask and stirred while warming until 
a clear solution was formed. The ethanol was evaporated off under reduced 
pressure and the resulting product was further dried in a vacuum oven at 70°C 
and 25 torr for 4 hours to provide the surfactant citrate salt. Analysis by IR 
spectroscopy confirmed the structure to be 



Example F9 

The amine salt, C 7 F 1 5CF(CF3)CON[C3H 6 N + (CH3)2H] 2 2[-OOCCH 3 ], was 
prepared using the following procedure. 5.0 g of 

C 7 F, 5 CF(CF3)CON[C3H6N(CH3) 2 ]2 (from Example B 15) was mixed with 5.0 g of 
5 glacial acetic acid and 10.0 g of deionized water to form an aqueous solution of the 
desired amine salt. 

G. Synthesis of q-Branched Perfluoroalkvlcarbonvl Thioesters 
Example Gl 

10 The thioester, C 7 F l 5CF(CF3)COSCH2CH2CH 2 CH3 > was prepared using the 

following procedure. A mixture consisting of 0.02 mol C7FisCF(CF3)COF (from 
Example Al), 0.025 mol of 1 -butanethiol, 0.025 mol of pyridine and 50 mL of THF 
was allowed to react by refluxing for 3 hours. Dilute aqueous HC1 was added with 
mixing, producing two phases. After separating the organic phase, the aqueous 

15 phase was extracted twice with 30 mL of chloroform and the two chloroform 

solutions were combined with the organic phase. Solvent was then removed from 
the chloroform/organic phase mixture and the residue was distilled to give the 
desired product having a boiling range of 202-205°C. 
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The following thioesters (Examples G2-G7) were synthesized using the 
same procedure as described in Example Gl. 

Ex. 

5 G2. C8F 17 CF(CF3)COSCH2CH2CH 2 CH3 

G3 . C6F 13 CF(CF3)COSCH2CH2CH2CH3 

G4. C 5 FnCF(CF3)COSCH2CH 2 CH2CH3 

G5 . C7F 15 CF(CF 3 )COSCH2CH2COOCH3 

G6. C7F 15 CF(CF 3 )COSCH2CH 2 COOH 

10 G7, C 7 F 15 CF(CF3)COSCH2CH2N(CH3)2 



H. Synthesis of a-Branched U-Dihvdroperfliioroalkanols 

Example HI 

The dihydroperfluoroalkanol, C7Fi5CF(CF 3 )CH 2 OH, was prepared using the 
15 following procedure. 4 g of sodium borohydride was added in portions to a 

mixture of 25 g of C 7 Fi 5 CF(CF 3 )COF (from Example Al) and 100 mL of THF at 
room temperature. The resulting mixture was stirred overnight at room 
temperature. Deionized water was then added carefully to destroy the excess 
sodium borohydride and hydrochloric acid was added to adjust the pH in a range of 
20 7-8, thus producing a bottom organic and a top aqueous phase. The organic phase 
was separated and distilled to give 19 g of the desired product, whose structure was 
confirmed by IR and NMR analysis. 

The following dihydroperfluoroalkanols (Examples H2-H7) were 
synthesized using the same procedure as described in Example HI. 

25 

Ex. 

H2. C 7 F 15 CF(CF2CF 2 CF 3 )CH20H 
H3. CioF 2 |CF(CF 3 )CH 2 OH 
H4. C 6 F l 3CF(CF 3 )CH 2 OH 
30 H5. C 5 FuCF(CF 3 )CH20H 
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H6. C 6 FnCF(CF 2 CF3)CH 2 OH 
H7. C4F 9 CF(CF 2 CF 3 )CH 2 OH 

I. Synthesis and Evaluation of Polymers containing a-Branched 
5 Perfluoroalkvl Acrvlates and Methacrvlates 

Example II 

The homopolymer of C 7 F l5 CF(CF3)COOCH2CH 2 OCOCH=CH2 was 
prepared using the following procedure. A 100 mL 3-necked flask was charged 
with 10 g of neat C 7 F l5 CF(CF3)COOCH 2 CH 2 OCOCH=CH 2 (the acrylate 
1 0 monomer from Example D 1 ) and 0. 2 g of azobis(isobutyronitrile) (AIBN). The 
flask was evacuated of air and was purged with nitrogen. The contents of the flask 
were heated to 60°C with stirring for one hour to give the desired polyacrylate. 

Examples 12-14 

15 In Examples 12-14, homopolymers were made from the methacrylate 

monomers from Examples D8, D6 and D3 respectively using essentially the same 
procedure as was used to make the homopolymer from the monomer of Example 
Dl . The homopolymers were evaluated for their glass transition temperatures 
according to Test Method ASTM E 1356-91, with results presented in Table 1. 

20 

Table 1 





Mon. 


Monomer Structure 


Tg (°C) 


Tg (°C) 


Ex. 


Ref. 




(bulk) 


(sol'n) 


11. 


Dl 


C 7 F, 5 CF(CF3)COOCH 2 CH 2 OCOCH=CH 2 


3 


-11 


12. 


D8 


C S F, , CF(CFi)CCX)CH2CH20COC(CH3)=CH2 


16 


2 


13. 


D6 


C6F„CF(CF3)COOCH 2 CH 2 OCOC(CHj)=CH 2 


7 


-16 


14. 


D3 


C 7 F,5CF(CF 3 )COOCH 2 CH 2 OCOC(CH3)=CH 2 


-3 


-22 



The data in Table 1 show that both the acrylate and methacrylate 
homopolymers have relatively low glass transition temperatures. 

25 
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Examples 15-112 

In Examples 15-112, homopolymers were made from the acrylates and 
methacrylates from Examples D2, D3, D4, D5, D6, D8, D10 and Dl 1 respectively 
using essentially the same procedure as was used to make the homopolymer from 
5 the monomer of Example Dl . Each homopolymer was then dissolved in 

trifluorotoluene, coated onto a glass cover slip, and allowed to air-dry. After 
drying, aach coated slip was heat treated at 120 °C for 1 5 minutes to cure the 
polymer. Measurements of advancing contact angle with deionized water and w- 
hexadecane were then made on each polymer-coated glass cover slip using a Cahn 
10 Dynamic Contact Angle Analyzer, Model 322 (Wilhelmy balance and computer for 
control and data processing), with a stage speed of 150 microns per second. 
Contact angles are reported in Table 2 and are the average of 3 replicates. 

Table 2 

15 





Mon. 


Monomer Structure 


Contact 


Angle: 


Ex. 


Ref. 




Water 




15. 


D2 


C 8 F, 7 CF(CFj)COOCH 2 CH 2 OCOCH=CH, 


111 0 


78° 


16. 


D3 


C 7 F,5CF(CF3)COOCH 2 CH 2 OCOC(CH3)=CH2 


120° 


72° 


17. 


D4 


C 8 F 17 CF(CF3)COOCH2CH 2 OCOC(CH 3 )=CH 2 


112° 


74° 


18. 


D5 


CeF, 3 CF(CF 3 )COOCH 2 CH 2 OCOCH=CH 2 


119° 


72° 


19. 


D6 


CsF, 3 CF(CF3)C(X)CH 2 CH 2 OCOC(CH3)=CH 2 


91° 


69° 


110. 


D8 


CjF, , CF(CF 3 )CCX)CH 2 CH 2 OCOC(CH3)=CH 2 


113° 


70° 


111. 


D10 


C 10 F 2 |CF(CF3)COOCH 2 CH 2 OCOC(CH 3 )=CH 2 


69° 


68° 


112. 


Dll 


C,F 9 CF(CF 2 CFj)COOCH 2 CH 2 OCOC(CHj)=CH 2 


95° 


69° 



The data in Table 2 show that excellent repellency to both aqueous and 
organic liquids is shown by each a-branched perfluoroalkyl-containing acrylate and 
methacrylate polymer, indicating that these polymers would be excellent repellents 
20 for fibrous substrates such as textiles, carpet and leather. 
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Example 1 1 3 

A polymeric surfactant active in both organic solvents and water was made 
from C7F 15 CF(CF3)COOCH2CH 2 OCOCH=CH2, the acrylate monomer prepared in 
Example D 1, using the following procedure. To an 8 ounce (225 mL) narrow 
5 mouth bottle were added 6.0 g of monomer Dl, 28 g of 50% (wt) Pluronic™ L-44 
diacrylate in toluene (prepared as described in Example 1 of U.S. Pat. No. 
3,787,351 (Olson)), 0.8 g of mercaptopropanediol, 0.4 g of /-butyl peroctoate, and 
1 13 g of isopropanol. The bottle with its contents was sealed and was tumbled at 
90° C for approximately 4-5 hours to polymerize the monomers. Then tumbling 

10 was ceased and the bottle was allowed to cool to room temperature before opening 
and admitting air. The resulting concentration of polymer was 1 5% by weight, as 
determined by evaporating a small weighed portion of the solution in a small dish in 
a forced air oven at 100° C for 1 hour. 

The polymer solution was diluted to 0.5% (wt) solids in both toluene and 

1 5 deionized water, and surface tension values of the diluted solutions, as measured 
using a Fisher Model 20 duNuoy Tensiometer, were found to be 25.7 dynes/cm in 
toluene and 21.3 dynes/cm in water. 



Example 114 

20 A waterborne copolymer was prepared from an a-branched 

perfluoroalkylcarbonyl-derived acrylate by the following procedure. To a 16 oz 
(225 mL) bottle was charged 36 g of C 8 F 17 CF(CF3)COOCH 2 CH 2 OCOCH=CH 2 
(from Example D2), 15 g of acrylic acid, 2.5 g of 
CH 2 =C(CH 3 )COOCH 2 CH2Si(OCH3)2, 40 g of isopropanol, 20 g of N- 

25 methylpyrrolidinone and 0.40 g of AIBN. The charged bottle was purged with 
nitrogen for about 5 minutes, the bottle was sealed, and the contents were allowed 
to polymerize at 80 °C for 5 hours. The polymer formed was transferred to a flask 
and isopropanol was stripped at 70 °C under reduced pressure. The polymer was 
then neutralized by dispersing into 150 g of 2.4% (wt) aqueous ammonium 

30 hydroxide. The solids content of this solution was 16.2% by weight, measured by 
evaporating a small sample at 80 °C for 2 hours. 
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To 50 g of the above-made solution was added 41 g of CX-WS-300 
crosslinker (a 10% aqueous dispersion of an oxazoline terpolymer made from 85% 
isopropenyl oxazoline, 10% methyl, methacrylate and 5% ethyl methacrylate; 
commercially available from Nippon Shokubai, Japan), and the pH of the 
5 formulation was adjusted to 7.5 by the addition of a very small amount of aqueous 
ammonia. This formulation was then aged for 1 week at room temperature, after 
which a small sample was coated into clear polyethylene terephthalate (PET) film 
using a #15 wire-wound rod. The coated PET film was cured for 10 minutes at 
120 °C, producing a transparent coating which caused dewetting of ink applied to 
10 the coated film from a blue Sharpie ™ permanent marker. 

J. Synthesis of Nonionic Surfactant Containing a-Branched Perfluoroalkvl 
Group 

Example Jl 

1 5 C8F 17 CF(CF3)CO(OCH2CH2)i60CH3 was prepared using the following 

procedure. An equimolar mixture of C8Fi7CF(CF3)COF (from Example A7) and 
Carbowax™ 750 methoxy-terminated diol (commercially available from Union 
Carbide Corp., Danbury, Connecticut) were reacted for 5 hours in stirred refluxing 
tetrahydrofuran (THF). The THF was then removed under reduced pressure to 

20 give the desired nonionic surfactant, whose structure was confirmed using IR 
analysis. 

K. Synthesis of Amphoteric Surfactants Containing a-Branched 
Perfluoroalkvl Groups 

25 Example Kl 

C 7 F 1 5CF(CF3)CONH(CH2)3N + (CH3)2C2H 4 COO* was prepared using the 
following procedure. 12.0 g (0.02 mol) of the amidoamine intermediate of Example 
Bl and 1.66 g (0.023 mol) of acrylic acid were added to a round bottom flask, and 
the resulting mixture was stirred at room temperature for 6 days to obtain a viscous 

30 amber liquid. The completion of reaction was confirmed by dissolving 1% by 

weight of the amber liquid in deionized water and adjusting the pH of the resulting 
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solution to 8 using dilute aqueous NaOH. The solution stayed clear with no 
precipitate of amidoamine starting material evident, indicating good completion of 
reaction to form the desired product, 

C 7 Fi5CF(CF3)CONH(CH 2 )3N + (CH3)2C2H 4 COO". 1H NMR spectroscopy was 
5 consistent with the desired product. 

Example K2 

21 .9 g (0.04 mol) of the amidoamine intermediate of Example B3 and 4.9 g 
(0.04 mol) of y-propane sultone were added to a 3-necked round bottom flask 
equipped with a stirrer and thermometer. The mixture was heated to 80°C with 

10 stirring, when an exotherm to 135°C occurred. The temperature was kept at 135°C 
for 1 5 minutes, then the contents of the flask were allowed to cool at room 
temperature. Upon cooling, 26.8 g of a cream-colored solid formed which was 
broken up with a spatula. The completion of reaction was confirmed by dissolving 
a small amount of the solid in deionized water and raising the pH of the resulting 

15 aqueous solution to 8 using dilute aqueous NaOH. The solution stayed clear with 
no precipitate of the amidoamine intermediate evident, indicating good completion 
of reaction. Analysis by infrared and *H NMR spectroscopy confirmed the product 
to be primarily a mixture of the amphoteric surfactants 
CeFuCF^FaJCON^I^SOaXCHjJa^CHaJaH and 

20 C 6 FnCF(CF3)CONH(CH2)3N + (CH3) 2 C3H 6 S0 3 * 

The following acrylic acid adducts (Examples K3 and K4) were synthesized 
using an analogous procedure as described in Example Kl, except that amidoamine 
of Examples B14 and B15 respectively were substituted for the amidoamine of 
Example Bl. 

25 
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C 7 F, 5 CFCiNHC3H6j/ \) 

cf 3 v_y 

C2H4COO 

K3. 



ft r + 

C 7 F I 5CFCN[C 3 H 6 N(CH 3 )2]2 

cf 3 / 

C 2 H4COO" 

K4. 



Evaluation of g-Branched Perfluoroalkyl Surfactants 
5 The a-branched perfluoroalkyl surfactants made in several of the previous 

examples were dissolved in deionized water at various concentrations and the 
surface tension of each resulting aqueous surfactant solution was measured using a 
K-12 Processor Tensiometer and 665 Dosimat™ measuring method. Then the 
critical micelle concentration (CMC) was determined for each surfactant. The 
10 CMC for each surfactant and the corresponding surface tension at the CMC are 
presented in Table 3 . 
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C 8 F,7CF(CF 3 )CONH(CH 2 )3lsr(CH 3 ) 2 0- 


16.5 
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E5 


C,oF 2 ,CF(CF 3 )CONH(CH2)3N + (CH3)20- 
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low SOlUD. 




E8 


C 7 F 15 CF(CF3)CON(C2H40H)(CH2)3N + (CH3)20- 


16.6 
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E9 


C7Fi5CFCNHC 3 H6h/ \> 

tF 3 7\ / 


low solub. 
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0 0 * — * 

C 6 F 1 3CFCOC2H 4 NHC( / n 0 
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15.5 
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0 0 * — ^ 
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6000 
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F7 CF 3 COOH 17.0 lOOtt 
CjF, iCFCOO(CH2)3N + (CH 3 )2H "OOCCH 2 6cH 2 COOH 

6h 

F3 rp C 2 H40H ".0 " 1000 

r 3 i + 

C 5 F , ,CFCONH(CH 2 )3N (CH 3 ) 2 CI 

F4 19.0 300 



CF 3 C2H4OH 
C 7 Fi5CFCONH(CH 2 )3N + (CH3)2 CI" 



F9 ft C 2 H40H 22.0 1000 

CTFisCFCNfCsHfi^CHa^fc 2 CI" 
CF 3 



F6 p j v 18.6 1000 

C 7 F 15 CFCNHC 3 H6NH O "OOCCH 3 
CF 3 \ / 



F2 n n , > 15.5 30 



O O r— ^ 

C 6 F 13 CFC l OC 2 H 4 NHC (f ^N-CH 3 I" 



CF 3 

Fl n 15.0 500 



C 7 F 15 CFCOC 2 H4NHCf N~CH 3 I 



CF 3 

F5 q , , 20.8 1000 

C 7 Fi 5 CFCNHC 3 H6N O CI* 

cf 3 l\ / 

QH4OH 

Kl C7F,jCF(CF3)CONH(CH2)3N + (CH3)2C2H 4 COO' 16.6 125 

K2 C 6 F 1 3CF(CF 3 )CON(C3H 6 S03')(CH2)3N + (CH3)2H 20.3 500 

K3 o + / \ 192 1° 00 

C 7 F l5 CFCNHC 3 H6N O 

CF 3 \\ / 

C 2 H4COO" 
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The data in Table 3 show that the a-branched perfluoroalkyl surfactants 
exhibit good surface tension reduction in water, with especially good results shown 
by the amine oxides and pyridinium iodides. 

L. Evaluation of a-Branched Perfluoroalkvlcarbonyl Amine Oxide 

Surfactants in AFFF Formulations 
Example LI 

In Example LI, a 3% AFFF concentrate was formulated as follows: 
3% AFFF Concentrate (% solids bv weight): 



1.5% - fluorinated amine oxide surfactant E 1 , 

C 7 F I 5CF(CF3)CONHCH 2 CH 2 CH 2 N + (CH 3 )20- 
2.0% - sodium w-octyl sulfate (Sipex™ OLS) 

15 3.0% - sodium cocoampho propionate (Miranol™ C2M-SF) 

25.0% - dipropylene glycol //-propyl ether 

68.5% - deionized water and surfactant co-solvents 



(pH of concentrate was adjusted to around 8.3 using glacial acetic acid) 

20 Three parts by volume of the resulting concentrate was diluted each with 97 

parts by volume of fresh water and synthetic sea water (ASTM Dl 141-52) to form 
3% premixes which were evaluated for AFFF performance using the following test 
methods: Foam Expansion and Drain Time, Film-Formation and Sealability, 
Surface Tension and Interfacial Tension. Results from the 3% premix evaluations 

25 are presented in Table 4. 
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23.6 100- 

C 7 F 1 5CFCN[C3H 6 N(CH 3 )2]2 

c^cocr 

C 8 FnCF(CF3)CO(OCH 2 CH 2 )i60CH3 22 1 50 
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Table 4 

Test Method 
Foam Expansion 
25% Drain Time 
Film Formation & Sealability 
Extinguishment Time 
25% Burnback Time 

The data in Table 4 show that an excellent AFFF 3% concentrate can be 
5 made by incorporating an a-branched perfluoroalkylcarbonyl amine oxide surfactant 
in the concentrate at only 1.5% by weight. 

M. Synthesis and Evaluation of a-Branched Perfluorocarboxylic Acids and 

a-Branched Perfluorocarboxvlate Salts 

Example Ml 

C 7 F 15 CF(CF 3 )COOH was prepared by the hydrolysis of C 7 Fi 5 CF(CF 3 )COF 
(from Example Al) using the following procedure. 860 g of C 7 Fi 5 CF(CF3)COF 
was stirred with 3000 mL of deionized water for 6 hours at room temperature. 
Concentrated hydrochloric acid was added to obtain a phase split. The bottom 
layer was separated and the resulting crude acid was purified by distillation under 
reduced pressure (120-125°C / 2 torr). 770 g of acid was received as a white solid 
after cooling to room temperature. The structure of the acid was confirmed using 
l9 F NMR analysis. 

20 Examples M2-M7 

The following a-branched perfluorocarboxylic acids (Examples M2-M9) 
were prepared from various a-branched perfluoroalkylcarbonyl fluorides using the 
same procedure as described in Example Ml. 



3% tap 


3% sea 
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8.2 


7.8 


>5.0 


204 


202 


> 150 


pass 


pass 


pass 


40 


40 


<50 


410 


369 


>360 
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15 
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Ex. 


Perfluorocarboxvlic Acid 


M2. 


C 3 F„CF(CF 3 )COOH 


M3. 


C6F,3CF(CF 3 )COOH 


M4. 


C 6 F 13 CF(C2Fj)COOH 


5 M5. 


C 7 F 15 CF(C3F7)COOH 


M6. 


C 8 F,7CF(CF 3 )COOH 


M7. 


C,oF 2I CF(CF 3 )COOH 


M8. 


C4F 9 CF(C2F $ )COOH 


M9. 


C 6 F, 3 CF(C4F 9 )COOH 
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10 

Example MIO 

C7Fi 5 CF(CF 3 )COO* H^N* was prepared by neutralizing C- 
7 Fi 5 CF(CF 3 )COOH (from Example Ml) with ammonia using the following 
procedure. 300 g of C 7 Fj5CF(CF 3 )COOH was dissolved in 500 mL of Fluorinert ™ 
15 FC-77 Electronic Liquid (commercially available from 3M Company, St. Paul, 

Minnesota) at room temperature. A stoichiometric amount of anhydrous ammonia 
gas was passed through the solution, gradually forming a white precipitate. 
Following neutralization, the solvent was removed under reduced pressure and the 
resulting white solid was dried under ambient conditions. 

20 

Examples Ml 1-M 13 

Using the same procedure as described in Example M10, the following 
ammonium carboxylate salts were prepared. 

25 Mil. C 6 F 13 CF(CF 3 )C(Xr HiN* 
Ml 2. C 8 F I7 CF(CF 3 )COCr I^TNT 
M13. C6F 13 CF(C 2 F5)COCr HtlST 



Example Ml 4 

30 C7Fi 5 CF(CF 3 )COO" RtN* was prepared from the free acid using the 

following procedure. An aqueous dispersion of C7Fi 5 CF(CF 3 )COOH (from 
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Example Ml) was neutralized with a stoichiometric amount of concentrated 
aqueous ammonium hydroxide (28-30%) at room temperature and with mixing, 
resulting in the formation of an aqueous solution of C 7 Fi 5 CF(CF 3 )COO* H4N*. The 
aqueous solution was dried under ambient conditions to give the desired ammonium 
5 salt as a white solid. 

Examples Ml 5-M27 

The following a-branched perfluorocarboxylate salts (Examples M15-M27) 
were synthesized from their a-branched perfluorocarboxylic acid analogues 
10 (Examples M1-M9) using the same neutralization procedure as described in 

Example Ml 4 and keeping the molar ratio of reactants the same, except that the 
base was varied, using either ammonium hydroxide, ethanolamine, potassium 
hydroxide, sodium hydroxide or lithium hydroxide. 



15 


Ex. 


Perfluoroalkvl Carboxvlic Acid/Salt 




M15. 


C 5 F„CF(CF3)COO- 




M16. 


C 6 F,3CF(CF 3 )COO- HdN* 




M17. 


C 8 F,7CF(CF 3 )COO- 




M18. 


Ci 0 F 2 iCF(CF 3 )COO- tUN* 


20 


M19. 


C 6 F 13 CF(C 2 Fj)COO- HjN* 




M20. 


C 7 F, 5 CF(CF 3 )COO- HsJTCzRtOH 




M21. 


C 5 F„CF(CF 3 )COO- K + 




M22. 


C6F, 3 CF(CF 3 )COO- K + 




M23. 


C 7 F IS CF(CF 3 )COO- K + 


25 


M24. 


C 8 F 17 CF(CF 3 )COO- K + 




M25. 


C 6 F 13 CF(CF 3 )COO- Na + 




M26. 


C 7 F 15 CF(CF 3 )COO' Na + 




M27. 


C 7 F 1S CF(CF 3 )C00- Li + 




M28. 


CjF„CF(CF 3 )COO" Na + 


30 


M29. 


C«F, 3 CF(C4F 9 )COO' H^NT 
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Example M30 

C 7 F 15 CF(CF 3 )COCr 1/2 [HalsrCi^NHCzHtNlHs] was prepared from the 
free acid using the following procedure. 4.0 g (7.78 mmol) of C 7 Fi 5 CF(CF 3 )COOH 
(from Example Ml), 0.40 g (3.89 mmol) of diethylenetriamine, and 82.6 g of 
5 deionized water were combined, warmed to 60 °C and cooled, resulting in a white 
pasty dispersion solution containing 5.06% (wt) solids of the desired 
polyammonium perfluorocarboxylate salt. 

The carboxylate salts from Examples M14-M30 were dissolved in deionized 
10 water at various solids concentrations and the surface tension of each resulting 
aqueous surfactant solution was measured. Then the critical micelle concentration 
(CMC) was determined for each surfactant. The CMC for each surfactant and the 
corresponding surface tension at the CMC are presented in Table 5. Also presented 
in Table 5 for comparison is the surface tension value measured for Fluorad™ FC- 
15 143 Fluorochemical Surfactant, a perfluorocarboxylate ammonium salt of structure 
C7F15COO* HjN^, containing predominantly linear perfluoro groups and essentially 
free from a-branching (commercially available from 3M Company, St. Paul 
Minnesota). 

20 Table 5 



From 


Salt 


Surf. Tens. 


CMC 


Ex.: 


Structure 


fdvnes/cm') 


fPPm) 


M15 


CjF,,CF(CF 3 )COO* H.N + 


22.1 


> 10000 


M21 


C5F„CF(CF 3 )COO- k* 


22.5 


> 10000 


M16 


C 6 F 13 CF(CF3)COO- H,lSr 


17.9 


8000 


M22 


C 6 F l3 CF(CF3)COO- K + 


17.5 


10000 


M25 


CfiF 13 CF(CF 3 )COO- Na + 


19.8 


10000 


M14 


C 7 F, 5 CF(CF 3 )COO- HiN* 


16.5 


2500 


M20 


C 7 F, 5 CF(CF 3 )COO- H 3 N + C 2 H 4 OH 


15.0 


500 


M23 


C 7 F,iCF(CF 3 )COO- K + 


15.0 


2500 
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M26 C 7 Fi 5 CF(CF 3 )COO- Na* 19.4 3000 

M27 C 7 Fi 5 CF(CF 3 )COO- Li + 24.1 3500 

M17 C 8 F l7 CF(CF 3 )COCr H4N + 14.7 _ 2300 

M24 C 8 F,7CF(CF 3 )COCr K + 16.4 3000 

Ml 8 Ci 0 F 2 iCF(CF 3 )COO* HJST 14.8 600 

M30 C 7 Fi 5 CF(CF 3 )COO" 16.2 3000 

1/2 [H 3 N + C 2 H 4 NHC2H4N + H 3 ] 

FC-143 C 7 F l5 COO' HjN* 21.5 8000 



The data in Table 5 show that the a-branched perfluorocarboxylate salts of 
this invention demonstrated excellent surface tension depression in water. Lower 
values of both surface tension and CMC were achieved with longer Rf chain salts. 
5 Also, lower surface tension values were obtained with ammonium, polyammonium 
and potassium salts as compared to sodium and lithium salts. Surface tensions 
imparted by the a-branched perfluorocarboxylate ammonium salts were lower than 
the surface tension demonstrated by FC-143, the primarily straight chain 
perfluorocarboxylate ammonium salt. Due to their excellent surface properties, it is 
10 expected that the a-branched perfluorocarboxylate salts of this invention would 
make excellent biodegradable replacements for the straight chain branched 
perfluorocarboxylate salts now used commercially as fluoropolymer emulsifiers. 

N. Degradation Measurements of q-Branched Perfluoroalkvkarbonyl 
15 Derivatives 
Example Nl 

The thermal degradation of an aqueous a-branched perfluoroalkylcarbonyl 
fluoride and the characterization of the products produced from the degradation 
were carried out using the following procedure. 8 g of C 7 Fi 5 CF(CF 3 )COF (made as 
20 in Example A4) was dispersed in deionized water and was refluxed for 2 hours. 5.7 
g of volatile degradation products were then collected by azeotropic distillation 
using a Dean-Stark apparatus. The structures of the products and their amounts, 
as determined by l9 F NMR and GC spectra analysis, were 85% monohydride, 
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C7F15CFHCF3, and 15% olefin, C 6 Fi 3 CF=CFCF 3 (a mixture of cis- and trans- 
isomers). No volatile products were formed when C7Fi 5 CF(CF 3 )COF was replaced 
with /i-CtFisCOF, a non-ct-branched.perfluoroalkylcarbonyl fluoride, made by. 
electrochemical fluorination of W-C7H15COF. 
5 The thermal degradation of C 7 F 15 CF(CF 3 )COF (from Example A4) 

dispersed in water was also carried out by heating the aqueous mixture for several 
hours at approximately 80°C. The same volatile products were formed as in 
Example Nl and were collected by phase separation followed by distillation. 

The thermal degradation of C 7 Fi5CF(CF 3 )COOH (from Example LI) in 
10 aqueous solution was carried out in a similar way to give the same monohydride 
and olefin. 



Examples N2-N9 

Thermal degradation measurements were made on a series of neat 

15 perfluorocarboxylate salts, including several a-branched open chain structures 
(Examples N2-N9), a primarily linear open chain structure (Example N10 - 
Fluorad™ FC-143 Fluorochemical Surfactant, commercially available from 3M 
Company, St. Paul, Minnesota), and a closed chain (i.e., cyclic) structure (Example 
Nl 1- made by the electrochemical fluorination of benzoic acid and hydrolysis in the 

20 presence of KOH, as described in U.S. Pat. No. 2,567,01 1 (Diesslin et al.)). 

The perfluorocarboxylate salts were tested using a Perkin-Elmer TGA 7 
thermogravimetric analysis apparatus and a salt sample size of approximately 5 mg, 
a heating rate of 10°C/min, and a nitrogen gas flow rate of 40-45 mL/min. Using 
the TGA 7 software, the following temperatures were recorded: (1) the onset 

25 temperature of decomposition, (2) the temperature at which 50% of the sample 
weight was lost, and (3) the temperature at which 90% of the sample weight was 
lost. Results of these thermal degradation experiments are presented in Table 6. 
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Table 6 



Temperature (°C) for: 



Ex 


Acid Salt Structure ^Reference^ 


Onset 


50% loss 


90% loss 


N2 


CsFnCFfCFOCOO'NIL^fEx M15^ 


166 


178 


188 


N3 


QFnCFCCF^COO" NIL + fEx Ml 6^ 


165 


179 


191 


N4. 


C 7 F,5CF(CF 3 )COO* NH/ (Ex. Ml 4) 


151 


163 


174 


N5. 


C 8 F| 7 CF(CF 3 )COO NH4 (Ex. Ml 7) 


142 


162 


184 


N6. 


C,oF 21 CF(CF 3 )COO- NH« + (Ex. Ml 8) 


164 


181 


188 


N7. 


C 6 F,3CF(C 2 Fs)COO" NH4 + (Ex. Ml 9) 


153 


171 


188 


N8. 


C 5 F,iCF(CF 3 )COO- Na + (Ex. M28) 


236 


250 


263 


N9. 


C5F„CF(CF 3 )COO" K + (Ex. M21) 


167 


178 


188 * 


FC-143 


C 7 Fi 5 COO" NHi + (FC-143) 


173 


188 


202 


U.S.Pat. 
2,567,011 


(T^COO' K + 


100 


110 


120 



* Stopped at 85% weight loss as remaining salt, KF, is not volatile 

5 

The data in Table 6 show that, when thermally degraded as neat salts, the 
temperatures at which the a-branched open chain structures decomposed were only 
slightly lower than the temperatures at which the primarily linear open chain 
structure decomposed. This is in marked contrast to Example Nl where, in 
10 aqueous media, the a-branched open chain structures decomposed at far lower 
temperatures than did the primarily linear open chain structure. The neat closed 
chain perfluorocyclohexyl structure decomposed at a significantly lower 
temperature than did either the a-branched or primarily linear open chain structures. 

15 Example N10 

The a-branched open chain ammonium salt compounds from Examples N3- 
N6 were dissolved in deionized water at a concentration of 5% by weight (0.5 g 
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ammonium salt in 10 mL water) and were stored at room temperature. Many 
structures showed about 20-30% degradation after 1 year. 

An aqueous solution of C7F15COO" NH/ (FC-143), which is primarily, 
linear, would show no signs of degradation over the same 1 year time period. 

5 

Example N 1 1 

The environmental stability of C 6 Fi 3 CF(CF 3 )COCr NHT was investigated 
under ambient conditions using a bacterial sludge contact test. In this test, bacterial 
sludge was obtained from the municipal waste treatment plant at Pig's Eye, 

10 Minnesota, the sludge was centrifuged to collect the water-insoluble high density 
solids, and was reconstituted in water to a standard level of about 2000 ppm of total 
suspended solids. A 5 mL aliquot of the 2000 ppm sludge in water was placed in 
each of several 20 mL vials, and enough of the carboxylate salt was added to each 
vial to achieve a concentration of about 496 ppm (1 millimolar). Each vial was 

IS tightly capped with a septum cap and was allowed to stand at room temperature. 
At intervals, the concentrations of perfluoroolefin and perfluoromonohydride gases 
in each headspace were measured by removing a gas sample from the space over 
the liquid, using a Hewlitt Packard Gas Chromatograph with a headspace sampling 
accessory. The peak areas determined from each gas sample were compared to a 

20 standard series made by placing increasing concentrations of a defined mixture of 
perfluoroolefin and perfluoromonohydride in water in the same types of vials, and 
subjecting the headspaces in the vials to the same analytical procedure. Results, 
given below, state the complete conversion relative to theoretical percent of the 
amount of perfluoroolefin/perfluoromonohydride mixture formed relative to that 

25 expected from complete conversion of the salt to volatile fluorocarbons. A control 
experiment using water with no sludge was also run at the 28 day test point. 
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% Perfluoroolefin/Perfluorornonohvdride Formed after: 
Day 1 - 4% 
Day 4- 13% 
Day 7 - 23% 
5 Day 14 -44% 

Day 28 - 70% 
Day 28 (no sludge) - 32% 



The data supra show that, after 28 days at ambient conditions, the presence 
1 0 of the sludge more than doubled the amount of 

perfluoroolefin/perfluoromonohydride mixture produced. 



O. Toxicity Measurements of a-Branched Perfluorocarboxvlate Salts 

Example 0 1 

1 5 Acute LD 5 o measurements for a one-time feeding study of rats were 

determined over a 21 day period for both the a-branched perfluorocarboxylate salt, 

C 7 F 15 CF(CF 3 )COO" NH/, and its straight chain isomer, CF 3 (CF 2 ) 8 COO" NH/. 
The LD50 value for C7Fi 5 CF(CF 3 )COO" NH/ was determined to be in the 

range of 500-1000 mg/kg, which is only slightly toxic. No wasting syndrome was 
20 noted as deaths from toxic doses occurred within 2-3 days, indicating that the a- 

branched isomer was not remaining in the rats. Rats fed a non-toxic dose regained 

weight after 3 days. 

The LD50 value for C9F19COO" NHT was determined to be in the range of 

50-100 mg/kg (one-tenth the concentration of the a-branched isomer), which is 
25 moderately toxic. Additionally, many deaths occurred through wasting syndrome, 

indication that the rats were unable to effectively excrete the straight chain isomer 

from their bodies. 



Example 02 

30 Chronic toxicity testing of C7Fi 5 CF(CF3)COO" NH/ in rats was conducted 

using the following test apparatus. An uptake desiccator jar chamber was designed 
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with top and bottom portions, the top portion equipped with an inlet port, an outlet 
port, oxygen monitor and pressure gage. An oxygen gas tank supplied oxygen into 
the inlet port, and the oxygen level in the chamber was maintained at a normal 
ambient level as measured by the oxygen monitor and pressure gage. The outlet 
5 port was connected in series with a carbon dioxide scrubber and particulate filter, 
which in turn was connected to a loop containing a stainless steel bellows pump 
operating at about 2 L/min. Most of the gas in the loop was recycled into the inlet 
port, but about 100 mL/min was directed through a secondary loop to a gas 
chromatograph equipped with a 0.5 mL gas sampling loop. 

10 A rat dosed at 500 mg/kg was placed in the bottom portion of the chamber, 

the top portion was attached, and the assembled chamber was placed in an ice-filled 
pan to allow for the condensation of water. The oxygen flow was started, and the 
exhaust gases were monitored for the presence of CF3CF=CF(C6Fi3) and 
C7F15CFHCF3, aqueous degradation products of C 7 Fi 5 CF(CF 3 )COOH, using known 

1 5 standards of this olefin and hydride in the gas chromatograph. Initially, no olefin or 
hydride were detected in the exhaust gases. After 24 minutes, one slight 
chromatographic peak was noted, corresponding to the monohydride. After 92 
minutes, the peak became noticeably larger. After 217 minutes, the peak was quite 
large, and a second large peak formed, also matching the spectral location for the 

20 hydride. Post-exposure observation noted no evidence of toxicity (death) or 

evidence of wasting syndrome; this reduced toxicity was probably attributable to a- 
branching and not decarboxylation. 

This experiment demonstrated that the a-branched perfluorocarboxylate salt 
was being metabolized by the rat to a monohydride metabolite which was eliminated 
25 from the rat via tranpiration, imparting no noticeable toxicity to the rat. 

P. Use of Surfactants in Emulsion Polymerization 
Example P 1 

The following procedure was used to evaluate C7F !5 CF(CF 3 )COO* NH/ 
30 (from Ex. Ml) as an emulsifier to copolymerize hexafluoropropylene (HFP) and 
vinylidene fluoride. 
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A 1 gallon, vertically agitated stainless steel reactor with pressure and 
temperature controls was evacuated and twice purged with nitrogen. Using an 
isolated vacuum, a solution comprised of 2 g of ammonium persulfate (initiator) and 
6 g of dipotassium phosphate dissolved in 2800 g of deionized water was 
5 introduced into the reactor. The remaining vacuum on the reactor was vented with 
nitrogen, and the solution was degassed twice under agitation using alternate 
vacuum and nitrogen purges. A sufficient amount of a solution of 
C 7 F,5CF(CF 3 )CO(y NH/ in approximately 20 g of 60-70 °C deionized water was 
, introduced to the reactor under isolated vacuum to give a calculated final 

10 concentration of 350 ppm emulsifier in the aqueous solution. The reactor was 
vented with nitrogen, the solution was agitated very briefly, and the reactor was 
evacuated of nitrogen and isolated. Then the reactor was vented with 
hexafluoropropylene monomer to a pressure of approximately 10 psig (1280 torr 
total pressure), and the temperature of the batch was raised to 72 °C with high 

15 agitation. Maintaining the temperature at 72 °C, a monomer mixture of 60% (wt) 
of vinylidene fluoride and 40% (wt) hexafluoropropylene was fed from a tared gas 
cylinder into the head space of the reactor to maintain a reactor pressure of 130 
psig (7480 total pressure). After feeding in about 1 kg of monomer blend 
(approximately 3.75 hours duration), the introduction of monomer was ceased, the 

20 reaction was allowed to cool to room temperature, and any residual unreacted 
monomer was vented. 

The resulting latex polymer was drained from the reactor, and percent solids 
of the latex was determined to be 25% by weight as measured by drying 10 g of 
latex in a forced air oven for 16 hours at 105 °C. 

25 The reactor body was separated from the reactor head, and a visual 

inspection of the reactor was made to determine the amount of coagulated polymer 
in the reactor (the amount should be minimal in a good polymerization reaction). A 
qualitative rating was assessed, ranging from "none" to "little" to "some." 

The latex stability was determined by half filling a 16 oz (450mL) jar with 

30 latex and shaking several hours in the horizontal position, quantitatively rating the 
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latex after shaking using a 3 -point scale ranging from 0 = very stable to 3 = 
unstable. 

Particle size in the latex was determined using 90° scattering on a Coulter 
sub-micron particle size analyzer. 
5 Degree of foaming was rated using the following qualitative scale: 0 = not 

foamy, 1 = slightly foamy, 2 = moderately foamy, and 3 = very foamy. 

Example P2 

In Example P2, the same experiment was run as in Example PI, except that 

10 the 

concentration of C 7 Fi5CF(CF 3 )COO" NH/ emulsifier was raised to 3500 ppm, the 
reaction time decreased from 3.75 to 3.5 hours, and the reaction temperature 
increased from 72° C to 78° C. 

15 Comparative Examples P3-P7 

In Comparative Examples P3-P6, the same experiment was run as in 
Example PI, except that CgFnSOzN^ItyCH^OO* K + (Fluorad™ FC-128 
Fluorochemical Surfactant, available from 3M Company, St. Paul, Minnesota), 
C 7 Fi 5 COO" FUN* (Fluorad™ FC-143 Fluorochemical Surfactant), and Surflon™ 

20 SI 1 IS Fluorochemical Surfactant (believed to be nominally telomer-based w- 
C9F19COO* KiN*, commercially available from Asahi Glass Corp., Japan) were 
substituted for C 7 F 15 CF(CF 3 )COO" H4N* emulsifier. 

In Comparative Example P7, the same experiment was run as in Example 
PI, except that no emulsifier was used. 

25 

Reaction conditions and results for all fluoropolymer experiments are 
presented in Table 7. 
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Table 7 







Cone. 


Temp 


Time 


Ex. 


Emulsifier 


ppm 


(°C) 


fhrs) 






J3U 




J. / J 


P2. 


C 7 F 15 CF(CF3)COO- NH, + 


3500 


78 


3.5 


P3. 


Fluorad™ FC-128 


100 


72 


4.5 


P4. 


Fluorad™ FC-128 


350 


72 


4 


P5. 


Fluorad™ FC- 143 


350 


74 


4 


P6. 


Surflon™SUlS 


350 


72 


3.75 


P7. 


none 
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3.25 







Size 


Foam- 


Coagu- 


Latex 


Ex. 


Emulsifier 


Com) 


ing 


lation 


Stability 


PI. 


C 7 F, 5 CF(CF 3 )COO- NH/ 


210 


2 


some 


2 


P2. 


C 7 F,5CF(CF 3 )COO" Nn, + 


69 


1 


none 


0 


P3. 


Fluorad™ FC-128 


237 


2 


some 


2 


P4. 


Fluorad™ FC-128 


88 


2 


none 


0 


P5. 


Fluorad™ FC- 143 


209 


3 


some 


2 


P6. 


Surflon™SlllS 


203 


2-3 


some 


2 


P7. 


none 


233 


0 


some 


3 



The data in Table 7 show that at the lower concentration (350 ppm), 
C 7 F 15 CF(CF 3 )COO' NH/ performs comparably to Fluorad™ FC-143 and Surflon™ 
SI 1 IS, both commercially available fluorochemical surfactants frequently used as 
fluoropolymer emulsifiers, in creating small particle size with no coagulation but 
10 with less foaming. At the higher concentration (3500 ppm) of C 7 F| 5 CF(CF 3 )COO* 
NR| + , particle size was reduced from 210 nm to 69 nm, foaming was lowered (from 
"2" to "1" on a 3-point scale) and coagulation was eliminated, with overall 
performance being comparable to Fluorad™ FC-128. 
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CLAIMS 

We claim: 

5 

1 . An aqueous film-forming foamable composition comprising one or more 
surfactants comprised of one or more a-branched fluoroalkylcarbonyl moieties. 

* 

10 2. The composition of claim 1 wherein said surfactant is of the formula: 

O 

I 

R,-CFC X 
1 I 

wherein: 

1 5 R f and R f r are selected independently from one another as a fluorinated 

group bonded through carbon that may be substituted or unsubstituted, 
cyclic or acyclic, linear or branched (or any combination thereof) and 

may optionally contain one or more catenary heteroatoms; Rf or R f f may 

contain one or more hydrogen atoms or one or more other halogen 
20 atoms provided that at least 75% of the atoms attached to the carbon 

backbone are fluorine atoms; and 
X is a group of the formula -NCR'XR 2 ), -OR" f , -YQOR, -YQN(R l )(R 2 ), - 

YQZ, or -0~ l/qM q+ where R"r is a fluorinated alkyl group and R, R 1 , 

and R 2 are, independently from one another, selected as hydrogen, or an 
25 alkyl, aryl, alkaryl, aralkyl (or any combination thereof) group that may 

be substituted or unsubstituted, saturated or unsaturated, linear or 
branched, cyclic or acyclic, and may contain one or more catenary 
heteroatoms; where present, R 1 and R 2 together can form a heterocyclic 
ring; Y is 0, S, or NR, where R is as defined supra\ Q is a substituted or 
30 unsubstituted divalent organic group; M is a cation selected from the 
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group consisting of H\ metal cation, ammonium cation, substituted 
ammonium cation and polyammonium cation; q is equal to the valency 
of M; and Z is an anionic, cationic, nonionic or amphoteric water- . 
solubilizing group. 



5 



3. The composition of claim 1 wherein said surfactant is of the formula: 



O 



Rr CF<!:NHC k H 2k N + (R ,, ) 2 0- 



l 

R, f 



10 wherein: 

R r and RV are selected independently from one another as a fluorinated 
group bonded through carbon that may be substituted or unsubstituted, 
cyclic or acyclic, linear or branched (or any combination thereof) and 

may optionally contain one or more catenary heteroatoms; Rf or RV may 

15 contain one or more hydrogen atoms or one or more other halogen 

atoms provided that at least 75% of the atoms attached to the carbon 
backbone are fluorine atoms; 
k is between 2 and 6 inclusive; and 

R" is a lower alkyl group having from 1 to 4 carbon atoms or may combine 
20 with the depicted nitrogen atom to from a heterocyclic ring. 



4. The composition of claim 1 wherein said surfactant is of the formula: 



O 

R f CFCNHC k Hb k N + (R M ) 2 R m A" 

25 wherein: 

Rr and RV are selected independently from one another as a fluorinated 
group bonded through carbon that may be substituted or unsubstituted, 
cyclic or acyclic, linear or branched (or any combination thereof) and 
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may optionally contain one or more catenary heteroatoms; Rf or R f f may 
contain one or more hydrogen atoms or one or more other halogen 
atoms provided that "at least 75% of the atoms attached to the carbon 
backbone are fluorine atoms; 
5 k is between 2 and 6 inclusive; 

R M is a lower alkyl group having from 1 to 4 carbon atoms or may combine 
with the depicted nitrogen atom to from a heterocyclic ring. 

in 

R is hydrogen or a substituted or unsubstituted alkyl group; and 

Ml* 

A* is an anion which is the residue of the alkylating agent R A or the acid 

10 HA. 



5. The composition of claim 1 wherein said surfactant is of the formula 
selected from the group consisting of: 



ft 

Rf— CFCNHCkH 2 kN (R")2Q(X") 



15 R ' 



and 



9 t 

Rf— £FCNCkH2kN (R") 2 H 
R'r 



20 wherein: 

Rf and R f f are selected independently from one another as a fluorinated 
group bonded through carbon that may be substituted or unsubstituted, 
cyclic or acyclic, linear or branched (or any combination thereof) and 

may optionally contain one or more catenary heteroatoms; Rf or R ! f may 

25 contain one or more hydrogen atoms or one or more other halogen 
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atoms provided that at least 75% of the atoms attached to the carbon 
backbone are fluorine atoms; 

pa 

R is a lower alkyl group haying from 1 to 4 carbon atoms or may combine 
with the depicted nitrogen atom to from a heterocyclic ring; 
5 k is between 2 and 6 inclusive; 

Q is a substituted or unsubstituted divalent organic group; and 
X" is either -S0 3 " or -COO'. 

6. The composition of claim 2, 3, 4, or 5 wherein said Rf and RV moieties are 
10 perfluorinated and wherein the sum of the carbon atoms in said Rf and RV moieties 

is less than or equal to 24. 

7. The composition of claim 2, 3, 4, or 5 wherein the ratio of carbon atoms in 
said Rf and R' f moieties is at least 2 to 1 . 

15 
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